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AUTHOR'S PREFACE TO THE FIRST EDITION. 

The question whether, for industrial purposes, steam or power gas * (internal combustion) 
engines are the most economical, has been much discussed of late years in technical periodicals, 
but unfortunately mostly from a partisan point of view. Those interested in the construction 
both of gas and of steam engines commit themselves to exaggerated statements, which darken 
rather than throw light upon the real subject. 

In estimating the size of a gas engine plant, the following points must be kept in view : — 



THE OUTPUT. 



Gas Engines. 



Steam Engines. 

In steam engines a larger output can 
be obtained by a later cutoff. This is 
effected automatically by the governor. If, 
for instance, a 10 HP engine is required 
to run under a load of 14 HP, the 
governor adjusts tlie valve gear to give a 
later cut-off, and the engine loill then 
develop virtually 14 HP, the maximum 
output being 40 per cent, more than the 
so-called normal output. For this in- 
creased output the consumption of steam 
is about 10 per cent, more than at normal 
load. 



It is not possible to increase the output, because 
the effect of the explosion stroke cannot be enhanced. 
With the output corresponding to the most favourable, 
that is the most economical, fuel consumption, the power 
developed by every explosion engine is therefore ex- 
hausted, and if a greater output be demanded, the engine 
simply comes to a stand. If, for instance, a so-called 
10 HP gas or other internal combustion engine is run 
on the brake and develops 12 HP, erroneous conclusions 
may be drawn from the trial. Since at 10 HP no explo- 
sion strokes are supposed to be missed,t it naturally 
follows that the engine has intentionally been made larger 
than is needed to develop that power. It would be as 
reasonable to rate it at 8 HP and to specify among its 
advantages that it would give a maximum of 12 HP, that 
is a " reserve of power " of 60 per cent. 

As a rule, the normal output has hitherto been taken 
as corresponding to 85 to 90 per cent, of the maximum, 
thus giving from 10 to 15 per cent. " reserve of power." 

It will be seen from the above that it is necessary to take the so-called normal output of a 
gas engine relatively higher than that of a steam engine doing the same work. In other words, 
the 

Maximum output of a gas engine should be =■ 1*4 x normal output of a steam engine. 

The gas engine will then be of the same value in regard to the output or work done, as the 
steam engine. 

If, for instance, a 30 HP engine is sufficient to supply the power required to drive a work- 

* Suction and pressure gas plants are generally classed as power gas producers, 
t In quality and quantity governing, less work is done during the explosion strokes, with a smaller 
load, and results in a larger consumption of fuel. 



iv AUTHORS PREFACE TO SECOND EDITION. 

shop or mill, and a gas engine has been selected for the purpose, it will be necessary to have an 
engine developing 1*25 x 80 = 37 HP and giving a maximum of 1'4 x 80 = 42 HP. 

To denote the size and power of a gas engine, therefore, and to make a correct comparison 
with a steam engine, the maximum HP on the brake should also always be stated. For gas 
engines it is best to rate the power developed at 

Normal output = 0*7 x maximum output, 

because this method of computation has become the rule for steam engine work, and 40 per 
cent, reserve of power is desirable in nearly all power plants. The consumption of coal should 
at the same time be calculated for this normal output. At the present time it is the almost 
invariable rule to state the power in gas engines at 

Normal output = 0*85 x maximum output. 



AUTHOR'S PREFACE TO THE SECOND EDITION. 

The matter in this book, and especially the Tables, have been thoroughly revised and checked, 
in accordance with the latest information obtainable. 

The endeavour to build much lighter gas engines for export, and thus effect a saving in 
weight and freight charges, is laudable, but should not be carried too far, because the dimensions 
exercise considerable influence on the smooth running, freedom from accidents, and life of an 
engine. The cast-iron parts (the frame, cylinder, and piston) can be kept relatively light, if 
they are very carefully constructed, and of the best material, judiciously distributed. On the 
other hand, if the flywheel is too light, it has always a disadvantageous effect on the steadiness 
of the engine. This is especially noticeable in engines supplying electric light, and in instal- 
lations where the power required varies considerably, as fully explained at p. 176. 

My book on " Die Kranke Gasmotor " (Defects in Gas Engines) was collated with this book 
during its revision, and data taken from it were used in the parts relating to gas engine con- 
struction. Thus previous omissions were as far as possible made good. 

I shall be glad to have my attention drawn to any errors, or suggestions for fuller details in 
later editions. 



TRANSLATOR'S PREFACE. 

The English Edition of this work has been prepared with a view to assist those 
engaged in the application of scientific principles to internal combustion engine 
design, and especially for those who cannot read the German text with ease, and 
have neither the time nor the desire to convert the German units into English. If 
the English edition proves as useful to the reader as " Die Gasmotoren " has been 
to me, the book will have fulfilled its object. 

The tabulated dimensions of the various engines are expressed in millimetres 
as they relate to continental engines, but tables of the nearest equivalent in inches 
are also given, to save time and labour to those who are not accustomed to work 
in millimetres. 

In order to render the book as complete as possible, and to save the reader 
the time and trouble of referring to other works, a full set of tables has been added ; 
for granting me permission to use these tables, etc., I take the opportunity of thanking 
the publishers, and the authors of the works from which these tables, etc., have been 
taken, viz. Mackrow's " Naval Architect's Pocket-book," Kempe's " Engineer's Year 
Book," Hutton's " Practical Engineer's Handbook," Clark's " Mechanical Engineer's 
Pocket-book," and " The Mechanical World Pocket Diary " ; my thanks are also due 
to Mr. H. A. Humphrey, and Mr. Edwin Kenyon, for their papers. 

In conclusion, I have to acknowledge my indebtedness to Mrs. E. M. Donkin 
in helping me with the translation, and to Mr. Guy E. Lloyd, Assoc.M.I.G.E., in 
checking all the formulas and calculations throughout the book. 

William M. Huskisson. 
45, Cambridge Gardens, 

North Kensington, 
London, 

July, 1911. 
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GAS ENGINES 



CHAPTER I. 

Method of Working, Type, Description, and Diagrams. 

Engines driven with gas, petroleum, alcohol, benzine, etc., are usually termed " Internal 
Combustion Engines" because the power generated in them is produced by the combustion 
of a mixture of gas, oil, etc., and air in the cylinder. The customary term, "Explosion 
or Ignition Engines," is derived from the sudden, almost instantaneous, combustion of 
the gases. 

Method of Working. 

If a mixture of gas and air is enclosed in a chamber and ignited, it explodes with 
violence ; this explosion is a result of the rapid combustion of the gas. The speed and 
violence of the explosion depend upon the proportions in which the gas and air are 
combined, and upon the pressure of the mixture. When ignition takes place, there is a 
rise of both temperature and pressure in the combustion chamber, and this pressure and 
the subsequent expansion of the products of combustion drive the piston of the cylinder 
forward, and useful work is done. 

There are two main working systems or cycles, i.e. — 

1. The Four-cycle (Otto). 

2. The Two-cycle. 

The word cycle here means a single stroke to and fro of the piston, 
and the expressions four-cycle and two-cycle denote respectively the 
number of single strokes required to complete one cycle of operations. 
(Steam engines work on the two-cycle principle, that is to say, two 
strokes are required on one face of the piston to complete one working 
cycle, as shown in the accompanying diagram. The beginner is 
usually inclined to consider the steam engine as a one-cycle engine.) 




Steam Engine. 
Single acting. 




Single- and Double-acting Engines. 

The term single-acting denotes an engine in which work is done 
at one end of the cylinder only, whereas in a " double-acting " engine 
work is done at both ends. 

In a single-acting engine the piston usually serves as the cross- 
head ; in double-acting engines a separate crosshead and stuffing box for the piston rod 

B 



Doable aoting. 
Gas Engine. 
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2 GA8 ENGINES. 

are necessary. The difference will be readily understood from the outline drawings. 
Care must be taken not to confuse the expressions " two-cycle " and " four-cycle," and 
" single-acting " and " double-acting," with each other. 
Thus we have — 



Single-acting and double-acting Four-cycle engines, and 
» » » » „ TwO'Cjch engines. 

A careful study of Table I., p. 3, will make this clear. 



Short Description of Various Types of Engines. 

From the classification on p. 3 it will be seen that a lengthy description is required 
to explain the distinctive features of each type. The coostraction and method of working 





Fig. 1. — Single-acting Four- 
cycle. 



v.j..*« 



Fig. 2. — Double-acting Four-cycle. 




EB-B 




Fig. 8.— Double-acting Two-cyole (Koerting). 



differ so much in the various engines that shortened forms and lettering have been adopted 

to describe them, as shown in the 
first column of Table I. In the 
outline drawings of four-cycle 
engines, Fig. 1 will be used to 
denote single-acting, and Fig. 2 
double-acting engines. 

Two-cycle double-acting en- 
gines (Fig. 8), Koerting type, re- 
quire special charging pumps.* 

The Oechelhauser engine 
(Fig. 4), has two pistons in one 
cylinder working in opposite direc- 
tions ; its distinguishing features 
are the triple crank, and charging 
pumps. 

Two-cycle engines will be fully 
described in the chapter on " Large 
Gas Engines." 
The usual types of gas engines are tabulated in Table I., and should be carefully 

studied by beginners, as we shall often have occasion to refer to them. 

* Single-acting two-cycle engines are seldom used, and will not be considered in this book. 




Fig. 4.— Oechelhauser Engine (Two-cycle). 



Table I.— Type and Description of the Thirteen best-known Engines. 

The thick capital letters of the right-hand column correspond to the first letters of the (German) 
descriptions in the left-hand column (to avoid confusion the German lettering has been retained, but 
it does not correspond to the first letters of the English terms). 



Symbol. 
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E4.1Z 
GZ4s2Z 

Z4s2z 

R4s2Z 



a Z G Z 4, 4 z 



Type. 



Description. 




Single-acting Four-cycle engine (One Cylinder). 
Vis-a-vis Four-cycle engine (Two Cylinders). 



Twin Four-cycle engine (Two Cylinders). 



Tandem Four-cycle engine (Two Cylinders). 



Double Vis-a-vis Four-cycle engine (Four 
Cylinders). 



O 

•** 

to 

a 

© 
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D4,1Z 
ZD4,2Z 

RD4,2z| £2h} 




Double-acting Four-cycle engine (One Cylinder). 



Twin Double- acting Four-cycle engine (Two 
Cylinders). 



r-ijA Tandem Double-acting Four-cycle engine (Two 
^^ Cylinders). 



RZD4.4Z 



Hf- h 





Twin Tandem Double-acting Four-cycle engine 
(Four Cylinders). 




Kop. D 2, l<z 



.2 Oeeh. D2,lz 



o 
>> 

o 

to 



£ K6p.ZD2,2z 



0ech.ZD2, 2z 




j -i | KoePting Double-acting Two-cycle engine (One 

Cylinder). 
(Necessitating separate charging pumps for gas 
and air.) 

Oechelhauser Double-acting Two-cycle engine 

(One Cylinder). 
(Charging pump for gas and air is shown to the 

left of the drawing.) 



Koerting Twin Double-acting Two-cycle engine 

(Two Cylinders). 
(Eacn motor cylinder requires separate gas and 

air pumps as shown.) 



(Oechelhauser Twin Double-acting Two-cycle 

engine (Two Cylinders). 
(Each motor cylinder requires a separate charging 

pump as shown to the left.) 



Thus the symbol D4 always denotes double-acting four-cycle engines. 
„ „ D2 „ „ „ two-cycle ., m 

Engines without the symbol D (the first group in Table I.) are all single-acting. 



4 GAS ENGINES. 

Four-cycle engines are by far the most, extensively used. By combining several single- 
cylinder four-cycle engines, a number of other types have been evolved (compare 
Table I.), and it seems desirable first to examine and describe the working method of 
these various systems. This plan will also enable as to understand the action of the 
combustible mixture in every position of the crank, and thus to obtain a clear idea of the 
processes taking place inside the engine. 

Combustion Chamber. 
This part of a gas engine is best compared with the clearance of a steam engine. In 
the latter (Figs. G, 6a) the clearance space, the effect of which is wholly injurious, is kept 




Fio. 5. 

Gas Engine. Combustion Chamber indicated 

by Dots. 



Fig. 6. Pig. 6a. 

Steam Engine. Clearance indicated 
by Dots. 



as small as possible, while in a gas engine (Fig. ft) this apace must be of a certain size, 
since to work without it is impossible. 

The size of the combustion chamber depends on the degree of compression (t.e. on 
the compression pressure, C, Fig. 7). 

We shall in a subsequent chapter return to the determination of the cnbic capacity 
required in this chamber. 

Rise of the Explosion Line in the Diagram (Fig. 7). 
Shortly before explosion the gaseous mixture is at the final compression pressure, 
G (Fig. 7). Ignition raises the pressure to p atmospheres. 

The question of the speed of explosion of a gas in a 
closed chamber, in other words, the length of time which 
elapses between ignition and complete combustion, cannot 
be mathematically determined without further study. 

In Fig. 7 the travel of the piston corresponding to the 
time of combustion is denoted by &, and varies from 0'02 to 
0*05 of the stroke.* For present purposes we will take 
h = 0-03 in the diagram. 

The degree of final compression giving the beBt results, 
s already mentioned, the size of the combustion chamber is determined, 
• The effects of pce-ignition and after- combustion are here neglected. 




Pig. 7. — Diagram. 
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depends on the composition of the gas, and of the explosive gaseous charge. Too high 
a compression gives rise to pre-ignition, whilst too low a compression is uneconomical. 
We may take — 

With lighting gas C = 6 atm. ( = 85 lbs. per sq. in.). Suction gas = 9 atm. (= 130 
lbs. per sq. in.). Blast furnace gas C = 13 atm. (= 185 lbs. per sq. in.) above atmo- 
spheric pressure. These compressions correspond to an ignition pressure for lighting gas 
p = 20 atm. (= 285 lbs. per sq. in.). Suction gas p = 28 atm. (= 328 lbs. per sq. in.). 
Blast furnace gas p = 20 atm. ( = 285 lbs. per sq. in.) above atmosphere.* 

Oas Engine Indicator I Diagram. 

A thorough knowledge of the theory of the steam engine, and especially of indicator 
diagrams, is taken for granted, and is essential to any useful study of our subject. 
Before, however, proceeding to a closer examination of the working method, we must 
obtain some idea of the behaviour of the mixture of gas and air in the engine cylinder, 
and it will be advisable to make a comparison between steam and gas. For this purpose 
we will take a steam engine with an initial pressure of 6 atmospheres (absolute) 
(=88 lbs. per sq. in.) and a gas engine with an initial pressure of 27 atmospheres 
(absolute) (= 397 lbs. per sq. in.), and we get the following diagrams : — 



Fig. 8. 



Pig. 9. 





Fig. 11. 



Fig. 12. 



Fig. 10. — Steam Engine. At a is shown the 
cut-off, including the clearance. 



Fig. 18. — Gas Engine. At a is shown the com- 
bustion and compression chamber. 



Assume that, behind the piston as shown, at the distance a from the cylinder cover 

there is — 

In Fig. 9, Steam at 6 atmospheres (abs.) pressure, 

In Pig. 12, Gas at 27 atmospheres (abs.) pressure, 
both cylinders being steam- and air-tight. Assume further that the piston moves out 

* [Tbaxslatob's Note.— Gas-engine makers have recently increased the compression pressures ; 
and now make C = 120 lbs. per sq. inch for lighting gas, and C = 160 lbs. per sq. inch for producer or 
suction gas.] 
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the distance a ; then, as indicated in Figs. 8 and 11, the pressure in the steam cylinder 
will fall to 3 atmospheres, and in the gas cylinder to 10*6 atmospheres. The further 
the pistons move out, the lower will the pressures fall, as shown in Figs. 10 and 13. 

The curve in Figs. 10 and 13 is called the expansion curve. This is obtained by 
plotting the pressures corresponding to given positions of the piston vertically on a 
horizontal line (the so-called atmospheric line). Any given scale is chosen for this 
purpose, and any given height to represent one atmosphere; in Fig. 10, for instance, 
5 mm. (tq inch) = 1 atmosphere for steam ; and in Fig. 13, 1*1 mm. (^ inch) = 1 
atmosphere for gas. 

As shown in these figures, the pressure falls more rapidly during expansion in gas 

than in steam engines ; in Fig. 14 the two diagrams are super- 
imposed. 

The same thing is expressed in equations 1 to 3. 
Let p be initial pressure in atmospheres (absolute), 
„ v be volume of steam at pressure p y 

2h be pressure at any given point of the stroke (or position 

of piston), 
i\ be volume of steam at pressure^. 

The fall in pressure will therefore follow the law — 
Pio. 14. r 

- Gas Engine Indicator P-V -p x .t\ = constant (for steam) (1) 

Diagram. p . v * = p x . v{*> = constant (for gas) (2) 

•• Stem D,w^ dicat0r X varies from V2 to 1-5, and may 

be taken at a mean of = 1*35 ....... (3) 




>» 
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Diagram. 



Although a knowledge of the meaning of the different curves in the steam engine 
diagram, Fig. 15, is taken for granted, it is necessary clearly to understand the curves of 
the gas-engine diagram, Fig. 1G. That part of the travel of the piston marked " cut-off " 



Gut iff 




• Comprtss'on 

-Steam Engine Diagram. 



•»x? 






e. 



>». 



5>*o 



2*-^ X 



DiscWgc of C*haw*J Co?»»-^i^9*^~^..^^^y V 
^~— '—'■ Drawing in tht Charge 

Fig. 16.— Gas Engine Diagram. 



in the steam diagram is in a gas engine = zero, and the part marked " compression " is in 
the latter = one whole stroke. 

This point will be considered more in detail in a subsequent chapter. 
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Indicator Diagram of a Four-cycle Gas Engine. 

This diagram forms a closed figure, in which the various _. x .[i — }- 

phases of work in the cylinder are shown. The numbers I. to 

IV. in Fig. 17 mark the different strokes, each corresponding to 

half a revolution of the crank shaft. _ ' 

Fig. 17. 

(The admission and exhaust lines in the diagram (Fig. 16) lie closely 

one over the other. This is explained in the purposely distorted diagram 

at the side.) The sequence of working strokes, represented by the different 

lines of the indicator diagram, is as follows : — 

1st Stroke. — Drawing in the mixture of gas and air, combined in definite i 

proportions. In the diagram this line lies rather below the atmospheric > 

line, as a fall in pressure is produced by the frictional resistance of the mixture in the 
passages and valves.* 

2nd Stroke. — Compression of the mixture drawn in, therefore in- 
crease of pressure due to reduction of the cylinder volume as the piston 
moves in. < 

3rd Stroke. — Increase of pressure through ignition of the compressed N. 
mixture. Expansion follows, with fall in pressure of the burnt charge, *- — -— ii7 > 

since the piston moves out, and the volume of the cylinder is enlarged. > 

As a result of the opening in advance of the exhaust, the expanded 
gases are discharged, till the piston reaches the dead point. 

4th Stroke.— Disharge of remaining gases, as a result of the reduction /\ s 

of the cylinder volume by the piston moving in. As there is a rise in ttea^a 

pressure, due to frictional resistance of the gases in the exhaust valve, this < 

line in the diagram lies somewhat higher than the atmospheric* 

The above explanation will suffice for a cursory study of the indicator diagram. In 
a later chapter the actual plotting of the diagram will be considered ; meanwhile the 
standard diagram (p. 23) should be consulted. 

Working Method of Four-cycle Engines. 

In studying these, the lines of the indicator diagram plotted between the drawings 
of cylinders must not be overlooked. The line to which a given stroke of the piston 
marked above it corresponds, is drawn full, the lines corresponding to the rest of the cycle 
are dotted. Thus the evolution of the diagram can be followed. 

* See the developed diagrams (pp. 8-17). This line, for the sake of simplicity, is shown as = the 
atmospheric. 
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Single-cylinder Four-cycle E 4, One Cylinder (Usual Type). 

The term "four-cycle" denotes, as already explained on p. 1, the number of single 
strokes of the piston required to complete one cycle of operations. The four positions 
of the piston in the illustrations below show 
this graphically and clearly. 

The Roman numerals I. to IY. give the 
different piston strokes for one cycle. 




4- 




_ .*o_. 



8 

6 

ft 




r^n : 



o 

M 
ft 







Stroke I. 

Outstroke of piston towards bearings. 
Drawing in a charge of combustible mixture 
during the whole stroke. 



Stroke II. 
Instroke. — Compression of the mixture, igni- 
tion taking place at end of stroke (left- 
hand position of piston). 



s . - -6>. 



K 



. {^L. 



tihmt -*: 



«5 vr '""" | i, 

• -I — ■ ^ — • — — ■ — -€>■■ 
I G^ »=? 
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a ii-S— i 
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Stroke III. 

Outstroke. — Explosion and expansion of the 
burning gases. Shortly before piston 
reaches end of cylinder (right-hana) dis- 
charge of exhaust begins. 



Stroke IV. 

Instroke. — Exhausting the products of com- 
bustion. At the end of this stroke (left- 
hand position of piston) all gases are 
exhausted, and the cycle of operations is 
completed. 

Fresh charge drawn in, as in Stroke I. 



Admission ' 




' Discharge 
'«</ of Gases 



The term " outstroke " signifies the moving of the piston towards the crank bearings. 
At full load, work is done by the piston once in every two revolutions of the crank 

shaft, as against four 
working strokes per 
two revolutions in a 
steam engine. At half 
load, or when there is a 
miss-fire, ignition only 
takes place once in 
every four revolutions, and the piston and connecting rod must be carried along during 
seven piston strokes by the energy stored up in the flywheel. 

The developed diagram (Fig. 24) is a so-called " continuous " diagram of the cycle 
of operations, the numbers give m degrees the path described by the crank pin. 

180° is equivalent to one piston stroke. 



ISO* MO* s«o* 

Fig. 24. — Developed Diagram, E 4, One Cylinder. 
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Double-acting Four-cyole Engine, D 4, One Cylinder. 

The working method of this engine is the same as that of two single-cylinder four- 
cycle engines, the ignitions in which take place first at 180° then at 540° apart, in the 
circle described by the crank. 



Back End of Cylinder. 



Front End of Cylinder. 



OUTSTBOKB. 

1st Stroke. 

Drawing in the combus- 
tible mixture. 



2nd Stroke. 

Compression of charge (ig- 
nition at extreme right- 
hand position of piston). 



Ibstbokb. 
2nd Stroke, 

Compression of charge 
(ignition at extreme left- 
hand position of piston). 



3rd Stroke. 

Explosion and expansion 
of the burning charge. 



Outstboke. 

3rd Stroke. 

Explosion and expansion 
of the burning charge. 



Uh Stroke. 

Disoharge of exhaust 
gases. 



Instroke. 
4th Stroke. 

Discharge of exhaust 
gases. 



1st Stroke. 

Drawing in the combus- 
tible mixture. 
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The output of such an engine is thus double that of a single-acting four-cycle engine 
of the same cylinder dimensions. 
Here again the 

IK 



Roman numerals show 
the sequence of piston 
strokes for one cycle, 
v denoting the front, 
and h the back end of 
the piston. 



* 



Admit 



mime* 




♦W* ^tH* 9 *' »60° S40° 72tf» 

Fig. 80. — Developed Diagram for D 4, One-cylinder Engine. 

The developed diagram for a double-acting four-cycle engine is shown at Fig. 30. 

The work done at the back end of the cylinder is marked , that at the front 

Each developed diagram represents the work done during four strokes, or two revolutions 
of the crank shaft. 



) 
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Vis-k-Vis 



Left-hand Cylinder. 

OUTSTKOKB. 

1st Stroke. 
Drawing in the combus- 
tible charge. 

Instboke. 
2nd Stroke. 
Compression of charge. 
Ignition at dead point. 

Outstroke. 

3rd Stroke. 

Explosion and expansion 

of the burning gases. 

Instboke. 
4ith Stroke. 
Discharge of exhaust 
gases. 



Pour-cycle Engine, QZ4, Two Cylinders (Deutz). 

Bight-hand Cylinder. 




Instboke. 
2nd Stroke. 
Compression of charge. 
Ignition at dead point. 

Outstboke. 

Srd Stroke. 

Explosion and expansion 

of the burning gases. 

Instboke. 
toh Stroke. 
Discharge of exhaust 
gases. 

Outstboke. 
1st Stroke. 
Drawing in the combus- 
tible charge. 



Figs. 81-39. 



The working method is the same, as regards the sequence of operations, as that of 
the double-acting four-cycle engine (p. 9). Both pistons act upon the same crank. The 
pistons pass successively over the dead points, front and back. The sequence of the 



working strokes is as follows : — 

Left-hand Cylinder. 

One ( 1st stroke Admission, 
revolution 1 2nd „ Compression. 

One j 3rd „ Explosion and expansion, 
revolution \ 4th .. Exhaust. 



» 



Bight-hand Cylinder. 
2nd stroke Compression. 
3rd „ Explosion and expansion. 
4th „ Exhaust. 
1st „ Admission. 



»> 



The developed diagram (Fig. 40) is given, as before, to explain the working 

operations. The work 
done in each cylinder 
is shown, and comprises 
four strokes, or two 
revolutions of the crank 
shaft. 




Eihautt 



& Admission IS? " "l***" ' "wo 540° Admission "«• 

Fig. 40. — Developed Diagram for G Z 4, Two-cylinder Engine. 



Besides this engine there are also vis-a-vis engines with cranks set at an angle of 180° to each 
other. With this arrangement the two pistons pass at the same time over the dead point, back or 
front. The developed diagram is the same as that of engine Z 4 (p. 11). 
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Twin Pour-cycle Engine, Z 4, Two Cylinders. 

The cranks are at the same angle, and the two pistons are always in the same positions 
(with reference to the dead point) at the same moment. 

Ignition and the working operations in both cylinders succeed each other at an angle 
of 360°, that is, ignition is obtained, in one or other cylinder, at each revolution of the 
crank shaft. 



Cylinder A. 



Cylinder B. 



2nd Stroke. 

Compression of charge. Igni 
tion at dead point. 



Ikstboke. 

4/7* Stroke. 
Discharge of exhaust gases. 



A 



B 



rfe 



j>/ l\hau%y 



IS 



t 






OUTSTBOKE. 



•V^-^ 



3rd Stroke. 



Explosion and expansion of the 
burning gases. 



1st Stroke. 

Drawing in the combustible 
charge. 



i 



n 



K 



Ikstboke. 



4th Stroke. 
Discharge of exhaust gases. 



2nd Stroke. 



Compression of charge. Igni- 
tion at dead point. 



Outstboke. 



1st Stroke. 



Drawing in the combustible 
charge. 



3rd Stroke. 



Explosion and expansion of the 
burning gases. 
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The developed diagram for this type is shown at Pig. 45 ; the work done in cylinder 
A is marked , and that in cylinder B 
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Flo. 45. — Developed Diagram for Z 4, Two-cylinder Engine. 
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Tandem Pour-cycle Engine, B 4, Two Cylinders (Nurnberg). 

The cylinders are. arranged one behind the other, and both pistons work npon the 
same crank. The sequence of operations in the two cylinders takes place at an angle of 
860° apart ; thus there is one ignition for each revolution of the crank shaft. The 
working method is the same as that of the last engine. 

The sequence of the different working strokes is as follows : — 



First Cylinder. 

One ( 3rd stroke Explosion and expansion, 
revolution 1 4th ,, Exnaust. 
One (1st ., Admission. 



revolution \ 2nd 



n 
n 



Compression. 



Second Cylinder. 
1st stroke Admission. 
2nd , , Compression. 
3rd ,, Explosion and expansion. 



4th 



ii 
ii 



Exhaust. 



Cylinder 2. Cylinder 1. 




Cylinder 2. 



Cylinder 1. 



OUTSTROKE. 



1st Stroke. 
Drawing in the combus- 
tible charge. 



3rd Stroke. 

Explosion and expansion 
of the burning gases. 



2nd Stroke. 

Compression of charge. 
Ignition at dead point. 



Instboke. 

4th Stroke. 
Discharge of exhaust 
gases. 



OUTSTBOKE. 

3rd Stroke. 1st Stroke. 



Explosion and expansion 
of the burning gases. 



Drawing in the combus- 
tible charge. 



Instboke. 


UK Stroke. 


2nd Stroke. 


Discharge of exhaust 


Compression of charge. 


gases. 


Ignition at dead point. 



Cylinder 2. Cylinder 1. 



The developed diagram for both cylinders is shown at Fig. 51 ; the work done in 
cylinder 2 is marked , that in cylinder 1 
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Fig. 51. — Developed Diagram for R 4, Two-cylinder Engine. 
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GAS ENGINES. 



Twin Double-acting Four-cycle Engine, ZD4, Two Cylinders. 

Type for large engines, especially when driven with blast furnace gas. 

The working strokes at either end of the cylinders succeed each other at an angle of 
180° apart, both pistons moving in the same direction, that is, ignition takes place at 
every half revolution of the crank shaft The cranks may also be set 180° apart, the 
strokes will then follow each other at the same interval as before. 

Front End of Cylinder. Back End of Cylinder. 

Instboee. 

Cylinder 1. 
3rd Stroke. 
\ Explosion and expansion of the 
j burning gases. 

Cylinder 2. 
1st Stroke. | 2nd Stroke. 

.' Drawing in the combustible I Compression of charge. Ignition 
charge. | at dead point. 




Uh Stroke. 
Discharge of exhaust gases. 



Uh Stroke. 
— ' Discharge of exhaust gases. 



2nd Stroke. 
Compression of charge. Ignition 
at dead point. 



Outstroke. 

Cylinder 1. 

1st Stroke. 
Drawing in the combustible 
charge. 

Cylinder 2. 

3rd Stroke. 
Explosion and expansion of the 
burning gases. 



• 1st Stroke. 

Drawing in the combustible 
charge. 



Instrokb. 
Cylinder 1. 



3rd Stroke. 
Explosion and expansion of the 
burning gases. 



2nd Stroke. 
Compression of charge. Ignition 
at dead point. 

Cylinder 2. 

Uh Stroke. 
Discharge of exhaust gases. 



^ty 



Pigs. 57-CO. 



2nd Stroke. 
Compression of charge. Ignition 
at dead point. 



Uh Stroke. 
Discharge of exhaust gases. 



Outstroke. 
Cylinder L 



3rd Stroke. 
Explosion and expansion of the 
burning gases. 

Cylinder 2. 

1st Stroke. 
Drawing in the combustible 
charge. 



rv 



.<n 








in* 



ISO *' &60 *" b*0 

Fig. 61. — Developed Diagram for Z D 4, Two-cylinder Engine. 

The developed diagram is exactly the same as that of Z O Z 4, four cylinders (p. 13). 
The diagrams of work at either end of the cylinders are marked , — - . , f 
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CHAPTER II. 

Output of the Engine. 

Indicated and Effective (or Brake) Horse-power. 

Let (IHP) be the whole of the work done in the motor cylinder ; IHP the available indicated 
work ; (IHP) — IHP the energy absorbed by the engine, namely, in four-cycle engines the energy 
absorbed in drawing in the charge ; in two-cycle engines the energy absorbed by the resistance of 
the pumps (as shown by the indicator) ; RHP frictional resistance of the engine ; BHP actual 
output, or work given off at the end of the crank shaft. Then — 

IHP = RHP + BHP ; (IHP) = IHP + the indicated work required for the pumps or for drawing 

in the charge n\ 

The Mechanical Efficiency 7 

is the ratio the Brake Horse-power bears to the Indicated Horse-power, therefore — 



v= ™^ ; BHP = IHPt7; IHP = BHP 



(2) 



IHP v 

The mechanical efficiency varies with differences in the load on the same engine, and 
is greatest at maximum and lowest at minimum load. 

Table I. — Approximate Values of -q (Mechanical Efficiency). 



Load. 



Single-acting Four-cycle, 1 cylinder i\ = 

2 17 = 

4 



»> 






it 
»» 



»» 
»> 






V = 



Double-acting Four-oycle, 1 cylinder i\ — 

2 17 = 

4 „ v = 



»» 
11 



11 
11 



11 
11 



11 
11 



Two-cycle (with separate charging pump) i) = 



Steam Engine 



V = 



Maximum. 


Rated 

«* s 85. 


1 


* 


0*84 
0*86 
0*88 


0-78 
080 
82 


0-70 
0-74 
0-79 


0-60 
0-62 
0-68 


0-86 
0-88 
0-90 


0-78 
0-80 
082 


0*75 
0-78 
0-80 


0-65 
0-68 
0-70 


090 


82 


80 


0-70 


0*90 


089 


0-88 


0-82 



* 



0-48 
0-49 
0-52 



0-60 
0-54 
0*58 



058 



070 



The Effective Piston Area, A, 

is equal to the sectional area of the motor cylinder, less the area of the piston rod 
therefore — 



Fig. 1. 



Fig. 2. 




7T 



For a single-acting engine, A = 7D 2 . . . 

„ double-acting engine, A = j ( D 2 — -5- J 

For engines with a piston 
rod passing through both 
covers 



IT 



A=£(D*-rf*). 



(3) 
W 

(4A) 



Mean Pressure on the Piston p m . 
This pressure varies with the different positions of the piston during a cycle of work, 
that is, in a four-cycle engine, during two revolutions of the crank shaft). 

* For ratio «, see next page. 
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The mean or average pressure, p m9 for one cycle therefore represents the mean 
pressure exerted on the piston during the motor stroke, less the mean pressure during the 
three other strokes, when the piston receives its motion (or impulse) from the flywheel.* 

The Ratio c 
In a single-cylinder four-cycle engine, as already explained, there is one impulse or 
motor stroke for every two revolutions of the crank shaft. Therefore if n = the number 

of revolutions per minute, — will be the maximum number of impulses obtained with 

this type of engine, that is, the maximum power developed. It is customary with engine 
builders to rate their engines at a lower or nominal horse-power, and to assume that they 
will be run with a lesser number of ignitions or impulses per minute than the 

n 
maximum — . 

2 

•nr ni j i. i.u 4.* actual number of impulses per minute , ,^ N 

We will denote the ratio : r f-^ — r- — r— — bye . . (5) 

maximum number of impulses per minute J K ' 

The maximum theoretical number of impulses depends upon the type of engine. For 
this, Table II., p. 20, may be consulted, which gives — 

For four-cycle engines, maximum number of impulses = - 2n . . . . (G) 

For two- „ „ „ „ „ „ =2 2n • • • • ( 6a ) 

z being the number of working ends of the cylinder (in a single-acting engine, z = 1 ; 
in a double-acting engine, = 2, for each cylinder). 

The ratio c can also be applied to engines which are governed by varying the pro- 
portions of the charge ; in these, as in other types, the mean pressure on the piston 
may be taken as = *p m . 

Three systems of governing are chiefly employed inigas engines, namely, the " hit-and- 
miss" the u qualitative "t and the " quantitative" and also a combination of the two latter. 
In the first, the gas valve is closed from time to time during the suction stroke, if the 
governor runs at too high a speed, but when the valve is opened, the quantity of gas 
reaching the cylinder is always the same. Governing by "cut-off," or varying the 
quantity or quality of the charge, may be effected in various ways ; we shall recur to it later. 

Approximate Determination of the Mean Pressure on the Piston p m . 

As various kinds of combustible (rich and poor gases) are used in internal combustion 
engines, naturally the curves obtained in the indicator diagrams also vary t (see Fig. 9). 
It is necessary, however, to have a standard, or normal diagram, 
as a basis for rough approximate calculations, and this is shown 
at Fig. 10, p. 21. 



* In four-cycle engines, if the diagram of work be planimetered, it will 
give p m direct for the IHP, because when this is done the lower area 
////// (work of drawing in the charge (IHP) -IHP is already deducted 
from the positive work 1 1 1 1 1 1 (Fig. 3). 

t The theoretical explanation of these diagrams will be found in a later 
chapter. * lG ' 6 ' 




INDICATED AND BRAKE HORSE-POWER. 
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In two-cycle engines we may write- 



Instead of p m o-9 



» 



ff Pi 0*9 p t ) a PP rox « 



This value may be more accurately determined by subtracting the mean resistance of 
the air-pumps from the work M . 
done in the motor cylinder u 
(compare Part B., "Larger Gas « : 
Engines "). 

The mean pressure p m calcu- 
lated from the standard dia- 
gram (Fig. 10) is available for 
determining the IHP of the 
engine. 

In most cases the diagram 
(Fig. 10) corresponds to the 
work done by an engine with 

lighting or coal gas. FlQ 9 ._ V arious Diagrams. Fig. lO.-Standard Diagram. 




Calculation of Indicated Horse-power, IHP, and the Brake 

Horse-power, BHP. 

(See Table L, p. 18, and Table II., p. 20.) 

Example 1 (Table II., p. 20). — Taking the rated horse-power of an engine at 80 per cent, ot the 
maximum, then c = 0*8, that is to say, out of every possible 100 impulses or ignitions there are 
twenty miss-fires, or the governor must so regulate the admission of gas that the indicator diagram 
shows that only 80 per cent, of the total power has been developed. 

Example 2 (Table II.). — If a single-acting four-cycle engine has a cylinder diameter of D = 
16*5 inches, V = 472 feet per minute piston speed, and mechanical efficiency y = 0*78 (Table I., p. 
18), then by equation 8, and the last line of column a in Table II. (e = 0*85), the rated HP 



= 0-78 



16-5 2 x 472 



x 17-5 = 42 BHP, working load. 



4 .33,000 

Example 3 (Table II.). — Let A = 108*5 sq. inches, V = 550 feet per minute piston speed, for a 
four-cylinder, double-acting four-cycle engine (for type, see column d f Table II.). According to 
Table I., the mechanical efficiency i? = 0*82, and by equation 8 and Table II., 

Maximum HP = , ^p, = 0-85 ^^ x 165 = 264 HP. 

Rated or Brake HP at working load = v qqTws *P* = 0*82 — „., qq () x 140 

= 808 BHP at working load. 
We will take this engine as developing 200 HP. 

Thus to calculate the work done by any engine it is necessary to know — 

1. Whether the engine is of the four-cycle or two-cycle type. 

2. Whether the engine is single- or cfowWe-acting. 

3. Number of motor cylinders. 

4. Nature of combustible to be used. 
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Rapid approximate calculation of the normal power developed by an engine. Taking 
€ = 0*85 (p. 20), and rj from Table I., p. 18, we get Table III., Values of Constant C. 



D = diameter of cylinder in feet. 
S = stroke of piston in feet. 
n = revolutions per minute. 



Rated HP = C x D 2 x S X n ; D 2 = ^™ ; * = I? ^§ ? 



(9) 



Table III. 



Combustible. 


Mean calorific value In 

British thermal units 

per cubic foot, 

or per lb. 


Pm 

lbs. 
per sq. in. 


Fingle-acting four-cycle. 
n = 0-78 to 0-82. 


Double-acting four-cycle, 
n = 0-78 to 0*82. 


Double acting 
two-cycle. 
„ = 0*82. 




1 cylinder. 


2cyl. 


4 cyl. 


lcyl. 


2 cyl. 4 cyl. 


lcyl. 


2 cyl. 


Lighting or\ 

Goal Gas J 
Pressure or) 

Suction Gas f 

„ rich 
Blast Furnace) 

Gas / 
Benzine • 
Petroleum 
Alcohol . . 


568 B.T.U. per cub. ft. 

124 

■ L * rr n »f ii ii 

140 

xxv ' ii »i ii n 

m* ii ii ii ii 

19,800 B.T.U. per lb. 
18,000 ,, „ ,, 
10,260 „ „ „ 


82-5 

65-5 
71 

67 

74 
54 
54 


= 0094 

„ = 0-077 
„ = 0825 

„ = 00655 

„ = 0825 
,, = 00625 
,i = 00625 


0-196 

0-166 
0-170 

0186 

0-176 
0128 
0-128 


0892 

0-312 
0-341 

0-278 


0147 
0162 

0130 


0312 I 0-658 
0-841 0-710 
0-270 0-668 


0-312 
0341 

0278 


0-625 
0-682 

0*540 



The above values give the so-called Rated HP with 15 per cent, reserve. In 
exceptional cases, as when the engine is worked with rich gas, or has a high mechanical 
efficiency, insufficient cooling of the parts, etc., the maximum HP may be 25 per cetit. 
higher. 

Example 1 (Table III.). — Blast Furnace Gas Engine. 

An R D 4, two-cylinder gas engine (double-acting, four-cycle). Diameter of cylinders D, 
24 inches, stroke S = 28 inches, n = 120 revolutions per minute ; taking the constant C = 0*27 
from Table III. for blast furnace gas, we get — 

2ft 
Rated HP = 027 x 2 2 x ~ x 120 = 300 HP ; Maximum HP 1-25 x 300 = 375 HP. 

Example 2 (Table III.). — Suction Gas Engine. 

An engine of the Z 4, type (two-cylinder, single-acting, four-cycle). Diameter of cylinder D = 18 
inches = 1*5 foot, stroke S = 24 inches = 2 feet. It is required to develop 100 BHP, at what speed 
must the engine run ? Taking from Table III. the value of the constant C for suction gas (for this 
type of engine), C = 0*156, we get — 



n = 



100 



0156 x 1-5 2 x 2 = 143 revolutions P er rainnte - 
For lighting or coal gas, Table III. gives C = 0*196, therefore — 

n = ;r=-ri^ — *-^«, — rt = 114 revolutions per minute. 
0*196 x 1"5* x 2 * 

The thick figures of values of C in Table III. can always be used for one motor cylinder, and the 
work of the engine calculated from it, and multiplied by the number of cylinders. 



CHAPTER III. 

Main Dimensions of the Engine. 

To lengthen the stroke of the piston give3 a better division of the pressure on the 
connecting rod, and therefore greater uniformity in running the engine ; but theoretical 
determinations of the ratio S : D (stroke to diameter of cylinder), have led to no practical 
results, and it will be advisable to adhere to such dimensions as practical experience has 
shown to be best. In the diagram Fig. 1, this ratio is plotted for a number of different 
types of engine, and varies from 1*05 to 2. 




40 44 48 52 56 60 Stroke in inches. 



Stroke of Piston. 



Fig. 1.— Ratio S : D for Horizontal Engines. 

Engines made by the same firm are denoted by the same symbol in the diagram, as, 
for instance — 

Deutz, 0« Nuremberg, □. Swiderski, A. Korting (two-cycle), O* 

The same ratio has not been adopted in the different types, as will be seen, neverthe- 
less S : D = 1*6 for small engines (with 5-inch stroke), decreasing to 1*2 for larger 
engines (up to 28-inch stroke) appears to be the best, and we will take this as the normal 
ratio. 

(The ratio S : D of the standard type3 of Haeder steam engines is, for the sake of 
comparison, indicated in Fig. 1, by the dotted line ) 

The shaded area /////// represents the ratio S : D for types of engines the dimen- 
sions of which are given in the table overleaf. 

For gas engines, as for the standard types of Haeder steam engines, the following rule 
holds good : — 

To build as many different types of engines, of uniformly increasing powers, with as few 
patterns as possible. 

On referring to Table L, it will be noticed that two different diameters of cylinders 
are given for engines above 3 BHP. ; the larger cylinder gives a more powerful engine, 
with the same stroke. The alternative dimensions may be used in order to save the 
expense of patterns, etc. 
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CHAPTER IV. 



Effect of the Inertia of the Reciprocating Parts. 

Before we proceed to consider the diagram of tangential pressures for calculating the weight of the 
flywheel and the construction of the various parts of the engine, it is necessary to take into account 
the inertia of the moving parts. Although here as elsewhere it is assumed that the student has a 
knowledge of the effect of the inertia of the moving parts in a steam engine, we will briefly recapitulate 
the fundamental rules, and reduce the equations embodying them to their simplest expression. Let — 

A be the sectional area of the working cylinder in sq. inches. 

weight of the reciprocating parts (piston with piston pin, connecting rod, 

etc.) in lbs. according to Tables II., III. 

diameter of the cylinder in inches. ,, , » 

stroke in feet. 

radius (or throw) of the crank (*.«. 

half the stroke) in feet. Fig. 2. 

revolutions per minute. 

acceleration of the reciprocating parts in feet per second. 2 
negative acceleration or retardation of the reciprocating parts in feet per sec. 2 
pressure in lbs. required to impart to the reciprocating parts having weight W, 
the exact degree of acceleration determined by a given speed and length of 
stroke. 

circumferential velocity in circle described by crank in feet per second. 



W = 

D = 

S = 
r = 

n = 

(*) = 
P = 



>» 



»» 



M 



M 



>♦ 



»» 



V 



»» 




-*•*-- 



r = 



L = 



»» 



30" 



a = 



>» 



*» 



length of connecting rod in feet. 
0° to 180° angle of inclination of the crank in 
relation to the dead points, see Figs. 5-6. 
Thus for any given angle a of the crank : 
During the outstrokeof the piston towards the crank shaft. 

Outstroke. — Acceleration <£ = - ( cos a + ^ cos 2a 1 (1) 

During the return stroke towards the back end of the 

cylinder. 

v 2 / r \ 

InstroJce. — Acceleration <f> = ( cos a — - cos 2a ) (2) 

r \ L / 

From these equations for the positions of the cranks at 

the dead points we get — 

Outstroke. — Back dead point. 



>.2 



Front dead point. 
Back dead point. 




SACK 



-I F0RWARQ 



OUTWAftO 
IMWARO 



r.« 



BACK 



Acceleration fa = ' - 1 1 + «- J ; 
Instroke. — Front dead point. 
Acceleration fa = j(l - £ ) ; {fa) = - £(l + [) (4)« 

The degrees of acceleration can be plotted as ordinates along 
a straight line (Figs. 3 and 4), the + (plus) values (acceleration; 
below, and the — (minus) values (retardation) above. 

* Acceleration with a minus sign — (equations 3 and 4) denotes the same as retardation. 




FORWARD 



• ..i. .. INWARO 

Figs. 3-6. 
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The direction in which the crank rotates has no effect on the values of <f> (Figs. 3 

r 1 1 1 

to 6). If we take the usual ratio T - = t-? to - , or a mean value of =-x , we obtain for the 
7 L o'o 6' 5*8' 

crank positions at the dead points — 



Outstroke. — Back dead point. 
Acceleration <fc = ^ x ^ ~ -^ - 

Lwtroke. — Front dead point. 

4 , L . v 1 4-8 n 2 x r 

Acceleration ^= r -x^- 2 j— 

and also — 

Outstroke. — Back dead point. 
Pressure due to acceleration, ^ = ^ x 
Li8troke. — Front dead point. 



#r0>tf dead point. 



,2 



Retardation (<k)= -X 5 ,g- -^~ 

Ifaf & dead point. 

, .. , , & 6*8 w 2 x r 
Retardation (<£,)= - X & .g ~ 78 



(«) 



(6) 



W 

w 



Pressure due to acceleration, P 2 = <ks X — 



Front dead point. 



W 



Pressure due to retardation,P 2 = (fa) X -r ( 7 ) 



2fac& dead point. 



W 



Pressure due to retardation^ = (<£ x ) x — (8) 

if 



This pressure, due to acceleration or retardation, may be considered as distributed over 
the whole area of the piston, then the pressure, or inertia, per unit of area will be — 

At the back dead point q Y = P x -J- A ; and fa) = (P,) -f- A respectively (9) 



» 



front 



» 



»* 



fc = P 2 -T- A ; and (ft) = (P 2 ) -i- A 



*» 



(10) 



The inertia diagram (per unit of piston area) can be plotted on ordinates along a 

straight line, in the same way as the 

Stroke -^-4 J^-rf^y + ^ acceleration itself in Figs. 3 and 4. See 

™ | Fig. 7. Here the axis of the abscissa is 

i ■ i £* r* cut at the point k, where the inertia is 

'■ s 




9 • 

O 

8 q.j 



zero. 



Xi ■» t"*>Hf "!" !*2 | : " 

■ 

Fig. 7. 
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Fig. 7 shows the diagram of inertia 
2 of the moving parts (per sq. inch of 
piston area) for one stroke S of the 
piston, namely, the outward stroke to- 
wards the crank shaft The distance ^ of point k, from the dead point is dependent 

radius of crank 



L ~" length of connecting rod 
The angle oo of the crank (in which $ = zero) corresponds to the distance x x (Fig. 7) 
traversed by the piston, and according to Radinger * is determined thus — 



cos a = 



-hV 1 + 8 (l) 



(11) 



L 



* Badinger, " Maschinen mit holier Kolbengeschwindigheit " ("Engines with High-Piston 
Speeds "). 
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The travel of the piston x (Fig. 8) corresponding to any given angle of the crank a 

is calculated thus — 

x = r (1 — cos a) + L (1 — cos P) (12) 



The angle of the connecting rod /? can be determined by the equation- 



n r . sin a 
sin£ = — l — 



(13) 



There is no necessity to work out equations 12 and 13, because 
q x and q 2 can be determined from equations 9 and 10, and x Y from 
Table I. Given these three points, the general shape of the curve ^ 
can be- determined. The values in Table I. are calculated from 
equations 11 to 13. 




Fig. 8. 



Ratio 



Table I.— Values of a*, z 15 and x* (Pigs. 5 and 6). 



L= o 



Angle 00 = 90° 

Travel of piston . 



» 



»> 



x Y -r 
x 9 = r 



1 1 1 


1 1 


7 6 5-5 


f> 4 


82° 81° 80° 


79° 77° 


0*94 . r 0-93 . r 0*92 . r 


0-91. r 0*9. r 


1-06. r 1-07. r 108. r 


1-09. r l'l.r 



}Fig. 



9. 



The inertia diagram, or diagram of acceleration (Fig. 7), also shows that where the 
piston begins to move out during its travel along the distance x l9 part of the available 
effort is absorbed in starting or accelerating the motion of the reciprocating parts. 
Therefore the ordinates for this part of the diagram lie below the line of no pressure 
(= zero). During the travel of the piston along x 2 (Fig. 7) there is retardation in the 
motion of the moving parts, and therefore, instead of absorbing, they release energy. 
Therefore the ordinates of the diagram (Fig. 9) for this part of the stroke lie above 
the atmospheric line. 

(It should be noted here that in single-cylinder four-cycle engines, the necessary 
acceleration can only be imparted to the moving parts of the piston during the third stroke 
(explosion and expansion). During the first stroke (admission), the second (compression), 
and the fourth (exhaust), this energy must be communicated by the flywheel, but it has 
no effect on the graphic representation of the pressure curves of the reciprocating parts.) 

The effect of the reciprocating parts of the engine on the pressure diagram of the 
piston will be most clearly seen by developing the 
different parts of the diagram, or by drawing a con- 
tinuous diagram. Fig. 9 shows, for instance, the 
sequence of the in- and out-strokes for one revolution. 
For a four-cycle engine, however, the diagram must be 
drawn for four strokes, as at Fig. 13. 

When designing an engine, the weights of the Fig. 9.— Inertia Diagram, 

reciprocating parts are not generally known. Table TI. gives these weights approxi- 
mately for the piston and connecting rod of the standard types of engine (see Table I., 
P. 24). 
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table II.— Weights of Reciprocating Parts for Single-acting Four-cycle Engines.* 



Stroke S . . . . = 


■A 


180 1 160 ! 190 ) 220 


270 310 1 350 ; 400 ; 450 


500 


550 I 600 ' 700 mm. 


i 


(10|") (12*") (18}")'(15}") (17}") 


(19}") 


(22") 

400 
(16") 

550 


(23}") 

480 
(19") 

880 


(27*") 


Diam. of cylinder D = 


■{ 


80 


100 , 125 145 
(4") | (5") 1(5*") 


185 . 220 , 260 < 800 ! 880 
(7*") ; (8}") (10*")! (12") (18") 

i 


360 

(14*") 


600 mm. 
(2*") 


Piston including bolts 


= 


12 


20 


29 37£ 


71 


120 190 


272 1 345 


445 


1320 lbs. 


Connecting rod . . 
Total weight W . . 


= 


10 


15* 


26} 


35* 


78 


188 


210 


300 395 


485 


620 


980 


1500 „ 


^^ 


22 


85* 


55* 


73 


149 253 


400 


572 


740 


930 


1170 


1760 


2820 „ 


Weight per sq. in. of cyl.\ Q „ 
area = W -4- A . ./, Ai 


2-8 


2-8 


2-8 


3-4 


4-2 


4-6 


5 


56 


5*65 


5-8 


62 


1625 lbs. 
/per so. in. 


Weight per HP = 
W-i-HP . . . 


z ) 87-5. .28-6 1 27 8; 21 


21 22 ! 22 


22 


22 


22 


22 


22 22 lbs. 



We can also write- 



»E2XJ i^ PP ™ Single-acting four-cycle W = GM8 X A or W = 22-* x HP 

iSS^JST 8* $ w Double- „ „ „ W = 8-66 V A „ W - 156 X HP 
( 8 tTokemorethan82-inch) W t^o- W = 8-55 x A , W = 7'8 x HP 

■jd HP apply to one cylinder \ ^ ^ ^^ ff = 4 . 98x A > = H xHP 

Engines for Motor Gars run at very high speeds, and therefore the moving parts must 
be kept extremely light, otherwise the forces due to inertia would be too great. 

Table IV. — Approximate Values for Motor-car Engines. 



Power developed per cylinder 

DxS = 

n = 

Permissible values of W = 

W-s-A = 

9i = 
q t = 



3 I 4 


4 | 5 


6 | 8 HP 


3|" x 4" 


4" x 4jj" 


4j" x 4}" 


1000 | 1410 


900 | 1200 


800 | 1100 revs, per min. 


7*7 lbs. 


11-2 lbs. 


15-9 lbs. 


0-75 lbs. 


0-89 lbs. 


1*06 lbs. per sq. in. 


51 


102 


55-5 1 102 


55-5 


102 lbs. per sq. in. 


34 


68 


87 1 68*3 


87 


68 „ „ 



Example. — Assuming a large single-acting four-cycle engine to have a cylinder diameter of 40 
inches, what should be the weight of the reciprocating parts ? 

According to Table III., for a cylinder diameter of 40 inches (or 1260 sq. inches area) — 

W + A = 6-43 lbs. per sq. inch. ; therefore W = \ x 40 2 x 6-43 = 8100 lbs. 

Example. — The reciprocating parts of a single-acting four-cycle gas engine, having a cylinder 
diameter of 13 inches, and 18 inches stroke, weigh according to Table II., W = 740 lbs. Taking 
the speed at n = 180 revolutions per minute, what are the pressures exerted by the moving parts? 

We have — 

OuUtroke. < Instroke. 

From equation 6 — 

180 2 x 0-75 m , 
<?> 2 = 110 = 220 ft. per second. 

From equation 8 — 

740 



From equation 5 — 

k . . 180 2 x 0-75 n rt e 
Acceleration ^ = 7 ~ = 312 ft. per sec. 



From equation 7 — 



78 



740 



Inertia P x = 312 x ^ = 7200 lbs 



Inertia P 2 = 220 x ^ = 5100 lbs. 



or reduced to the area of the piston : (area of 13 inches = 133 sq. inches). 

* If the engine be properly constructed, and good material used, the weights of the reciprocating 
parts may be somewhat less, say, 0*8 of the values given in this table. Special attention should be 
given to reducing the weight of the piston. 
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7200 



According to equation 9 — 

At the dead point back end of cylinder, q x = -VST = 54 lbs. per sq. inch. 

According to equation 10 — 



5100 



At the dead point, front end of cylinder, q t = -.-^ = 38*4 lbs. per sq. inch. 
The values are plotted to scale in Fig. 13, 1 inch = 180 lbs. 



In order that the beginner may be able to detect errors in calculating q x and q 2 , the 
valnes for the three sizes of engines (viz. \ HP, 30 HP, 
and 500 HP) are calculated in Table V. The first half of f '-j 
each column gives the normal speed for these powers, the j 
second shows how q increases with the number of revo- i 
lutions. (The spaces left in Table V. are for the insertion P 
of further examples.) The change of load on the rods takes 
place exactly at the dead point, if q = C (Fig. 10), because 
the pressure of explosion p is only developed at the distance 
k from the dead point. 

The diagrams at the bottom of Table V. show the difference in the pressures between 
the standard diagram and the acceleration q. 




Fig. 10. 



Table V.— -Acceleration for Engines of Different Powers (Single-acting, Four-cycle). 




47*" 


43J" 


9500 


110 


220 


306 


1280 


217 


870 


90,300 


363,000 


64,300 


256,000 


55 


244 


43 


172 



i/Si i i i I I S I 
«i ! I i I ! ! I I 




fill il Mi 



o 
r s 

£-20 



lbs. 

revs, per min. 

ft, per sec.* 

ft. per sec. 2 

lbs. 

lbs. 

lbs. per sq. in. 



>i 



»> 
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This table shows that engines with 19 inches and 47 inches stroke cannot be run at 
doable the usnal speed, the role being that — 

Radial acceleration q < C (14) 

(otherwise there would be two successive changes of 

pressure in the rods). 
jj The inertia increases as the square of the number 

a of revolution*, in other words, q increases with »*. It 

will be well, therefore, to compare the speeds of gas 

§, and of steam engines. 

J These are plotted in Fig. 11. Aa gas engines 

require much larger cylinder dimensions than steam 
engines, to develop the same power, it was necessary 
from the first to run them at much higher sjieeds. On 
the other hand, the speed of steam engines has of 
late years considerably increased. 



'A Combination of the Inertia and Indicator Diagrams, 
gives the energy diagram, which we shall use to plot the diagram of tangential pressures 
(Chapter V.). The method of combining these two diagrams is as follows : — 

We will suppose the area of work shown in the 
.3 diagram is obtained without compression, and 
& therefore without connterpressure on the back end 
53 of the piston, and is shown to the right in Fig. 12, 
down to the atmospheric line aa ; the area of work 
lost (absorbed) by compression is plotted below thU 
line, to the left ; the difference of the two areas 
gives the actual diagram of work. In the same 
way admission (drawing in the charge, and exhaust, 
both at a pressure of tV inch of an atmosphere 
(= say, l£ lbs, per sq. inch) are plotted below this 
line (Fig. 14). 
A numerical example will best explain the further development of the diagram. 





Pio. 18. — Continuous Inertia Diagram. 

_ le. — We will take p = 22 atmospheres (323 lbs. per sq. inch) as the pressure of explos 
and for the inertia the figures jjiven in the example on the previous page, in which j t = 52 
per sq. inch, q, = 37 lbs. per sq. inch. Scale = 1 inch = 190 lbs. 
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The diagram of acceleration is then drawn, and developed for one cycle of work, 
or four strokes (Fig. 13), and the degrees of acceleration, or inertia, plotted as ordinates, 



24 - 
I*, 
rt 

"- 
12- 



u 

5 •* 



I- . 



s: 



#■•■*! 



** 




Admission^ •*-»-• Compression- .*+■. Expansion »•»... .Exhaust «- 

Fias. 14, 15. — Illustration of the Continuous Diagram. 

as in Fig. 9. The developed diagram of work is then plotted. Figs. 14, 15 show how 
this is done, and require no further explanation. 




1 i 



a J • • • f s *>»' i 1 J* «' s' •••>'•'•* io' i x i « * e » a i 10 i 1 r s' «' s' i* 7 1 1' i' ul 
Fig. 16. — Inertia and Indicator Diagram Combined. 



The two diagrams, Figs. 13 and 14, most then be combined, and drawn one over the 
other, as shown at Fig. 16, in order to plot the resulting diagram of pressures. 
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The pressures resulting from this combination have been determined in Fig. 16, for 
several positions of the piston. In the second stroke, for instance, (e) is drawn = e, and 
al is the resulting pressure. Again, in the third stroke, (k) is plotted = ft, and (m) = m, 
therefore the resulting pressures = <? 3 and a 6 respectively. 

The pressures for each position of the piston are determined in the same way ; the 
diagram thus produced is shown at Fig. 17. The beginner should refer back from 
Fig. 17 to Fig. 16, in order to understand both diagrams clearly. 

The pressure diagram thus evolved yields in the first place the corresponding pressure 
on the crank pin for every position of the piston, expressed in lbs. per sq. inch of piston 




i i 



S 4 S f » 8 » 10 »' »' ** 4' i' 6' 1 ' •' I' 10' | I ) 4 » • 7 I | 19 j' t' 3' V V 6' 7' •' * to* 

Admission. Compression. Expansion. Exhaust. , 

Fig. 17. — Diagram corrected for Inertia. 

area. It also shows where the changes of pressure in the rods during the various strokes 
occur, namely, at the points marked 0, where the energy curve cuts the neutral lines. 
Thus, according to Fig. 17, we have in this example two changes of pressure during one 
cycle of work, viz. — 

During the first stroke (admission, or drawing in the charge); and 
During the fourth stroke (exhaust). 

In the second stroke (compression) and the third (explosion and expansion) there are 
no similar changes in pressure (i.e. the pressure is either wholly above, or wholly below, 
the neutral line). 

The inertia diagram, as well as the resultant pressure diagrams, or diagram corrected 
for inertia, can be plotted for other engines in the same way ; the method of drawing 
them should be clear, without further explanation, to the student. 



The developed or continuous diagrams may be classified under four heads, as follows : — 

The Inertia diagram shows the effect of the reciprocating parts (Fig. 13). \ In relation 

The diagram of work is plotted from the indicator diagram (Fig. 14). J to 

The pressure diagram is a combination of the diagrams of work and inertia (Fig. 17). ) the stroke. 
The diagram of tangential pressure, commonly called the turning moment diagram, or the pressure 
diagram reduced to the circle described by the crank forms the subject of the next chapter. 



CHAPTER V. 

Tangential Pressure or Turning Moment Diagram for 

Calculating the Flywheel. 

PAGE 

General Remarks 34-35 

Single-acting Four-cycle Engine, E 4, 1 cyl 35-40 

Double-acting Four-cycle Engine, D 4, 1 cyl. . 40-42 

Vis-a-Vis Four-cycle Engine, Q Z 4, 2 cyl 42 

Twin Four-cycle Engine, Z 4, 2 cyl. 42-43 

Tandem Four-cycle Engine, R 4, 2 cyl 44-45 

Double Vis-a-Vis Four-cycle Engine, Z Q Z 4, 4 cyl 45-48 

Twin Double-acting Four-cycle Engine, Z D 4, 2 cyl 48-49 

Tandem Double-acting Four-cycle Engine, R D 4, 2 cyl 49-50 

A shortened method for determining the weight of the Flywheel, with the necessary Tables, will 
be found in the chapter on " Flywheels." But it is desirable that the beginner should study the 
following chapter thoroughly, and work out a few examples for himself. 
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CHAPTEE V. 

Tangential Pressure or Turning Moment Diagram for 

Calculating the Flywheel. 

The energy of the engine fluctuates periodically, the work of the flywheel consists in 
acting as an accumulator or reservoir of energy, storing up the excess taken from and 
restoring the deficiency of energy to the engine, so as to secure as far as possible a uniform, 
angular velocity of the crank shaft. As already explained, there is, in single-cylinder 
four-cycle engines, only one working or motor stroke per two revolutions, or four 
strokes, and in these engines the flywheel must carry the engine forward during the three 
remaining strokes by the kinetic energy stored up in its rim. During the working stroke 
(Stroke III.) the motion is accelerated, and the flywheel absorbs energy ; during the 
other strokes it is retarded, and energy is liberated. 

If the engine had no flywheel it would come to a stop at the dead point, since the 
whole pressure of the piston is transferred to the head of the crank pin, and cannot act 
upon and drive round the crank. 

To calculate the revolving masses, or determine approximate values for the necessary 
equations, the graphic method and the turning moment, or tangential pressure diagram, 
will be found of most use. With the help of this diagram, the complicated conditions 
arising during a cycle of work can easily be represented. 

The resistance acts tangentially to the circumference of the flywheel, and also, if 
reduced, to the circle described by the crank. The force of the piston is therefore 
divided into two components — a tangential and a radial. The tangential component, 
at the points where it cannot overcome the whole resistance, and where it acts counter to 
it, is aided and sustained by the kinetic energy stored up in the flywheel. 



Fig. 1. — Determination of the Tangential and Radial Pressure. 

Determination of the Tangential Pressure and of the Radial Component. 

_ , ^ thrust on the connecting rod in lbs. . 1U . , /lN 

Let P = t-t\ r- : — "^-r- , - in lbs. per sq. inch .... (1) 

area of the piston in sq. inches r i w 

- the load on the connecting rod reduced to 1 sq. inch of piston for any given 

position of the crank. 

a =; the angle formed by the crank with the dead point, in any given position. 
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Draw the crank circle K (of any given diameter, Fig. 1). 

Produce the centre line of the connecting rod beyond point 1, where it intersects the 
crank circle. 

Mark off the load P on the connecting rod along this line, beyond point 1, to scale 
(for instance, 1 inch = 400 lbs., or 2 inches = 400 lbs.). 

Draw a line 1-3 at right angles to the crank position 0-1. 

Draw the parallelogram of forces 1-4-2-8. Then the line — 



3 *? f SBSSsr"} *> «- — ■* - p - 



1 
1-4 



Example.— --Determine the tangential pressure when the crank is at an angle a = 30°, P = 100 
lbs. per sq. inch. 

Taking 180 lbs. to the inch as the scale ; we carry out (from Fig. 1) P = 0*55 inch. Draw the 
parallelogram of forces, and measure from the diagram t = 0'33 inch. Calculating this to the above 
scale, the tangential pressure works out at t = 0*33 inch = 60 lbs. per sq. inch. (This example is shown 
to scale in Fig. 1.) 

(The radial pressure P lf also measured from Fig. 1, is = 0'44 inch = 79*5 lbs. per sq. inch ; for the 
line P, is 0*44 inch long, and the scale is 1 inch = 180 lbs. per sq. inch. In the following chapters, 
however, we have only to deal with the tangential pressure (or turning moment) ; the radial pressure 
need not be taken into account, except when determining the stress upon the crank shaft 
(comp. p. 83).) 

We will now calculate the flywheel for the different types of engines. 

I. Single-acting Four-cycle Engine, E 4, One Cylinder (pp. 35-40). 

A cnrsory representation of the working method in a four-cycle engine might be 
afforded by the continuous diagram, Fie:. 2, in which the direction and amount of the 



* Suction 



i 




LxhausT > 

^9 ■ ■ ■ ■ « .. i , l i i|. l I 4 

S40° 720F 



Fio. 2. — Continuous Diagram (not applicable). 



pressures are plotted from the indicator diagram. But this simple method cannot be 
utilized, because a distinction must be made between — 

Positive work, that is, the work done in the motor cylinder, and 
Negative work „ ., „ given off by the flywheel. 

To make this clearer, we will now proceed as follows : — 

1. Divide the indicator diagram (Fig. 3) into ten or more equal parts. 

2. Draw the continuous (developed) diagram of work, as at Figs. 14 and 15, p. 31. 

3. Draw the inertia diagram, as at Fig. 13, p. 30. 

4. Draw the last two diagrams one over the other, as at Fig. 3a, and combine them to form the 
energy diagram (Fig. 4). 
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In this energy diagram, from which the diagram of tan- 
gential pressure (or the turning moment diagram corrected MH; 
for inertia) must be plotted, the area above tlie atmospheric n 




IJ345 6 7 8 • 40 I' t' 3 1 4' 5' tf V 8* 9' »' I 1 II • 7 10 l' *' J' 4' 8* 1 7' 8' •' 10* 

Fio. 8a. — Energy Diagram with Inertia Corves. 



line represents the work done in the motor cylinder, and the area below the atmospheric 
line the work done by the flywheel. 




1 2 3 4 5 • ? • 9 M I 1 a' S 1 4' S* 0' 7' 8* t 1 SO* 1 2 8 4 .9 9 7 f 10 l' 1* I 1 4* 8 1 6* 7* 8* 9 1 10' 

Fio. 4.— Resultant Energy Diagram. 



TURNING MOMENT D 1 AGS AM. 



37 



If we designate the first as plus and the second as minus work, then in a single-acting 
four-cycle engine there will be plus work during one stroke (Stroke III.) and minus work 
during the other strokes (Strokes I., II., and IV.). 

We will now plot the turning moment or tangential pressure diagram by means of 
a numerical example. We take, to start with, a diagram showing an explosive pressure 
of 27 atmospheres or, say roughly, 400 lbs. per sq. inch (Fig. 8). The inertia of the 
reciprocating parts we take approximately from p. 29, at q, = 64 lbs. per sq. inch 
q 2 = 50 lbs. per sq. inch. Scale of energy, 1 inch = 180 lbs. The lines of the diagram 
(Fig. 3a) are combined, according to Figs. 16, 17 (pp. SI, 82), to form the resultant 
energy diagram corrected for inertia (Fig. 4). 




,~!~^-J r i±-£ii 



'Movements of the Crank. 



To determine the tangential pressure we will not nae the method given at p. 84 for 
plotting the diagram, bat an auxiliary process taken from Radinger.* 

Draw ont the path described by the crank (Fig. 5). It will be best to make the 
travel of the piston to 10 equal to the length of a stroke in the diagram (Fig. 4). 
Divide the stroke into the same number of equal parts, as the diagram, and from L 
(length of the connecting rod) describe radii cutting the crank circle (Fig. 5). Mean of 
L : r = 5-8. 




Fio. 6. — Determination of i, and *,. 

Next, produce the line of direction of the connecting rod ; for instance, for - 8 travel 
of the piston (three-tenths of the stroke) (Fig. 6) to cut the vertical axis of the crank 
at z-j. This point is then connected to O (Fig. 6), the pressure on the piston corresponding 
* Radingei, " Masohinon mit boher Kolbengesohwiudigkeit " (" Engines with High-Piston Speeds "). 
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APPENDIX TO CHAPTER V. 

Note. — The tables and curves given in this Appendix were worked out by Mr. H. A. 
Humphrey, M.I.C.E., M.I.E.E., etc., and are reproduced by his kind permission. See his 
contribution to the discussion on Messrs. Allen and Porter's paper, entitled " Use of Gas 
Engines for Generating Electric Power," read before the Institution of Electrical 
Engineers, February 25, 1909. Minutes of the Proceeding of the Institution of Electrical 
Engineers, No. 196, Vol. 43. 
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TABLE A. 

Weight of Reciprocating Parts of Large Gab Engines and Acceleration Pressures due 
to the Reciprocating Masses (the Acceleration Pressures abb the Mean of the 
Values at the two Dead Centres), rased on Particulars furnished ry the respective 
Makers. 



Firm. 



Gasmotoren 

Fabrik Deutz 

(Otto cycle) 

Erhardt & 

Sehmer 
(Otto cycle) 

Nurnberg 
(Otto cycle) 

Premier 
(Otto cycle) 

Mather & Piatt 
(2-cycle) 

Richardsons, 

Westgarth & Go. 

(Otto oyole) 

Beohem& 
Keetman 

(Otto cycle) 
Snow Steam 
Pump Works 
(Otto cycle) 



Size of engine. 



2,000 B.H.P. 

(1,100 mm. x 1,800 mm. 

(double-acting tandem) 

2,000 B.H.P. 

(1,150 mm. x 1,800 mm. 

double-acting tandem) 

1,000 B.H.P. 

1,200 B.H.P. 

500 B.H.P. 

1,200 B.H.P. 

1,000 B.H.P. 

(2-cycle Korting) 

1,000 B.H.P. \ 

(double-acting tandem) / 

500 B.H.P. \ 

(double-acting tandem) J 

1,000 B.H.P. \ 

(double-acting tandem) J 

6,400 B.H.P. 
(double-acting twin- 
tandem) 



} 



Total weight of reciprocating 
parts. 



Kilogrammes. 
23,700 

20,000 

7,200 
8,600 
8,500 
7,220 
(two single-acting 
tandem sets) 

2,687 
7,250 
8,600 

8,940 

20,500 
(total mass per line) 



IP 



2*66 

2-06 

1*64 
1-57 
1-21 

1-585 

0-95 
1-24 
1-40 

0-78 
} 2-63 



& 



i 



94 



94 



107 



88 



Iff 



Q.O. 
to 



1710 



1325 



125 
107 
128 


14-30 

10-80 

8*31 


120 


10-70 


110 


6-44 


107 


7-92 


125 


9-80 



5-00 



17-35 
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Quality governing 




Quantity governing 






Sc*le of prewure 'f ? ? T ^.percm 



Indicator diagrams used for constructing turning moment curves 



ae. 

fc rod to crank, 5 : 1. Weight of reciprocating parts, 23,700 kg. 
? piston area, 1M kg. ( = ^*). 

pBN Fabbik Deotz. 

TOR QUAHTTrr GOVERNING. 

n crank piu due to indicator diagram pressures per cm. 9 . 

1*5 kg. per cm. 9 mean effective pressure of diagram. 

km 2-7 kg. per cm.*. 

ftm 1*5 kg. per cm. 3 . 

! kg. per cm. 3 (actual value) . 

J 
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Quantity Qovarnlna;. 
on of curves d and J of Fig. A (M.E.P. 
• .. J A 



it 
ii 



ii 
I* 






I " = 
V ii — 



5 '5 kffs. per cm.'l 
2-7 
1-6 



ii 



• cm.O 

If / 




p4 is obtained bg integrating curve A*. 

15 - " " • - A&. 

p6 • " " " " Aft. 



-,04% 



0-5X 







4 is obtained by integrating curve 34. 
& • ■ ■ • ■ J*5. 

B - ■ • ■ ■ Bg. 




e not exactly the true means. 

)• 

* diagram and the forces due to the inertia are algebraically added. 

«m the mean velocity. 

fctor with 32 poles. Weight of flywheel to give total angular deviation of 



r 



.■: a if° 



ill 



■#*m 



aJ 






yt^> . 




.. Cunt* in plotted 

Curve Br,' 1 obtained hg intejinfcing cu 



Curvo«a obtained: toy intejnitins- curve Br. 



For fur 



ler particular!, diagram* and curve*, *M Fiji. A and 6 and curve* 1 to 8 of 

Via. C.— 2000-B.H.P. Double-acting Tandem Gas Engine (Dcutz). 
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Harmonics. 



3rd. 
655 008(88 4- 93°) + 

0-473 



4th. 6th. 

1-425 cos (48 + 223°) + 0*370 cos (50 + 233°) 

0-407 0*106 



14 cob (3* + 94°) + 0-778 cos (40 + 249°) + 0'180 cos (50 + 291°) 
1-26 0-458 0106 

05 cos (30 + 176°) + 0-678 cos (4a + 8°) + 0803 cos (50 + 17°) 



2-28 



0753 



0-337 



85 cos (30 + 175°) + 1*3 cos (40 + 41°) + 0-315 cos (50 + 7°) 



0-529 



0-372 



009 



02 cos (30 + 175°) + 0-690 cos (40 + 60°) + 0089 cos (50 -f 40°) 



1-19 



0-406 



0052 



065 cos (30 + 180°) + 0602 cos (40 + 45°) + 0*19 cos (50 + 27°) 



2-29 



0-669 



0-211 



! 527 cos (80 + 168°) + 1487 cos (40 + 45°) + 0-342 cos (50 + 42°) 



0-151 



0-425 



0098 



J005 cos (30 + 188°) + 1*8 cos (40 + 46°) + 0*276 cos (50 + 52°) 



0-288 



0-409 



0079 



J789 cos (30 + 126°) + 1*952 cos (40 + 54°) + 0*239 cos (50 + 54°) 



0147 



0-865 



0045 



J86 cos (30 + 135°) + 37-8 cos (40 + 62°) + 6-4965 cos (50 + 76°) 

T 0-313 0-298 0051 

loi cos (80 + 180°) + 80-51 cos (40 + 41°) + 6*772 cos (50 + 15°) 

0114 0-504 0112 

2 cos (30 + 182°) + 59-85 cos (40 + 41°) + 11*69 cos (50 + 72°) 

r 0092 0-494 0096 

4-5 cos (30 + 289°) + 354-35 cos (40 + 227°) + 8,3780 cos (50 + 86°) 

0-205 00114 0-109 



Hi from nXmi indicator dairams 
(is In sir k (UM from aiHMi MClftr didfruma 
fcnirt* Coortinalia <f curves ffc* «i. 
fes a»e to inertia of reciprtcaWnj- parts , 

. . Uk indicated preioww I forces *« to n 
Lned h) combnirvj qu"so Mr 'ft 1 !?- 
UilwY pressures per cin*»f main psta «v 




riders with Cranks at 90°. 

im. Ravo. no P" minute. Air and gu pump*, M 
got of «w Un of pump parts, MS kg. ( -f = 11> kg. p» 



I*."- 



Combined turning moment: for both cylind< 



■ IJ4ULLIL11J-.. 

: I j/e LL^Lt P K^^-JT 1 ' 




o Lin* = Time of ona ro.oiutlon = li 



Fig. F.— 1000-B.H.P. 2-cycle Kfirting Gas Engine. 
(Messrs. Mather & Piatt, Ltd., Engineers.) 
ions of borni— 

Id double-ectlng cylinders. Cnnke *t M°. 
in cyltiiden : Diimeter. WO mm. Stroke, 10OO mm. 
up cylinder! i Dlimeter, eao mm. Stroke. BSD mm 



1 Mfference between InrnlM 
Moment of Incrtl* of fly w 
Acoslemtlon due to cr»lt 
Muniem of flywheel in kg 
Angnler velocity In rid./ 

Degree of Jmgulertty = - 
W» = G.D.» d>] «,-«, 

Table o 


D 


.™™tK 


F 


Oi". 


IlIJ 



. of gyration-, inke-i 



tisttng torque In kg.m. 



linn Rim Speed. 


nWmflm. 


M1W**, 


> 


ih 


sin ! & 


•h 


& ! ij 


G.D.' ft.' tons 


2,250-0 


2,700-0 3,145-0 


2,2500 


2,700-0 


3,145-0 


Dft 


13'0 


13-0 ! 18-0 


15-6 


15'6 


15-6 


D' 


169-0 


169-0 169-0 


244-0 


244-0 


244 


Kim weight G, tons 


183 


16-0 i 18-6 


9-2 


11-9 


12-9 


Total weight 


18-0 21-6 [ 26-1 


12-4 


14*9 


17-4 



ind Curves, see Fig. E.) 



r 



« Sin Und 



■TIniS of one revoluEi 






,^ 



-Jrfife 






Turning moment curve oti Dime base 



Angular vdociEy curve o 
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FORCES ACTING ON THE CROSS HEAD, PISTON, ETC. 53 

Before proceeding to treat of the different parts of the engine, it is necessary clearly to 
understand the forces acting upon them, which have to be taken into account. 



CHAPTER VI. 

Forces acting on the Cross Head, Piston, Connecting 

Bod, and Main Bearings. 

(a) Forces acting on the Cross Head. 

The pressures developed in gas engines are of many kinds. They depend not only on 
the dimensions of the engine and the explosion pressures, but also on the clearance or 
slack in the brasses, or any slackness of the flywheel on the shaft, or of the frame on the 
foundation, or to any sudden rise in pressure due to pre-ignition, and so forth. 

It is impossible to estimate these accidental pressures accurately, and we are obliged, 
therefore, to determine the strength of the different parts of the engine by calculating 
the theoretical pressures only. Of these we have specially to consider — 

1. Forces acting on the cross head. 

2. Pressure on the crank-shaft bearings. 

The strength of many parts of the engine — for instance, of the frame — can only be 
tested in a few places. Thus it is hardly possible to determine the shearing stress on the 
holding-down or foundation bolts, because the strains on them are of a very complex 
nature. In this case it is usual to adopt dimensions that have been arrived at by 
practical experience. Any calculations the results of which deviate considerably from 
those obtaining in practice should be rejected. 

1. Forces acting on the Piston Rod, Connecting Rod, Crank Pin, and Crank 

Journals. 

The maximum pressure developed in the neighbourhood 
of the dead point is — 

P' = A x p in lbs. per sq. inch ... (1) 

A being the area of the cylinder in sq. inches, and P 
being pressure of explosion in lbs. per sq. inch (Fig. 1). 

We will take a value within working limits, making due 
allowance for the continually increasing pressures of com- fig. l. 

pression and explosion. In order to have the working parts 
strong enough to bear powers above the normal rated horse power, let — 

p = 26 atmospheres above atmospheric pressure * ( = 370 lbs. per sq. inch) (2) 

With hit-and-miss governing, the full pressure of explosion must be taken into account, 
even if, as at less than full load, it is not often developed. If the engine is governed by 

* As much as 30 atmospheres (430 lbs. per sq. inch) are sometimes allowed for. 
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varying the proportions of the charge, that is, an ignition is obtained at each working 
stroke (and therefore, in four-cycle engines, for every two revolutions of the crank 
shaft), the pressure of explosion varies. We must, however, take the maximum pressure 
developed as a basis of calculation. 

2. Pressure on the Crank-shaft Bearings. 

These bearings form one of the most important parts of the engine, and it is necessary 
for the engineer clearly to understand the pressures acting on them. 
This he can only do by working out an example for himself — 

We take the case of a single-cylinder, four-cycle engine with two bearings, and therefore having 
the flywheel overhung at the end of the crank shaft. 
What are the pressures on the bearings at the 
different crank positions ? in which position is the 
greatest pressure developed ? and in what direction 
is it exerted ? 

Further, can the engine continue running if the 
caps are taken off the bearings ? 




Fig. 2. 



-f-Nfr-^F of 




Fig. 3. — Diagram 
Forces. 



Fig. 4.— Plotting 
the Thrust. 



First draw the diagram of forces without taking the length of the crank shaft or weight of the 
flywheel into account (Fig. 3). 

We are dealing here with a cranked shaft (with two crank arms), and therefore two 
bearings (Fig. 2), but for the sake of simplicity the diagram of effort is shown with one 
crank only (Figs. 3 and 4). 

Let P' be the pressure on the puton in lbs. 

P be the thrust on the connecting rod in lbs. 

K be the vertical pressure exerted on the cylinder liner in lbs. (Fig. 3). 
be the angle of inclination of the connecting rod in degrees (Fig. 8, p*. 27). 
Then the— 

P' 

Thrust P = — - (3) 

cos v ' 

With ordinary lengths of the connecting rod the maximum is = 10°, corresponding to cos 
$ = 0-985, where— 

P = 0985 = ab0Ut 1<)15 + F ' 



This difference is so small that it may be neglected, and we may make — 

P = V 



(4) 
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The pressure P is resolved into T, tangential pressure or turning moment, and C 
radial pressure, Fig. 4 (compare p. 34). 

The energy expended in these two directions can easily be calculated, if the pressure 
on the piston at the corresponding crank position is known. If we suppose the bearings 
to be in the same plane as the crank pin, then the pressure on the two bearings will be 
equal in extent and direction to that on the crank pin. 

As both the main bearings are at the same distance from the crank pin, and are thus 
symmetrically arranged (Fig. 2), then th< 



p 
Pressure on the bearings = - (5) 

P being the pressure exerted by the piston corresponding to the simultaneous pressure 
on the connecting rod. 

The pressure on the crank-shaft bearings, and the direction in which it is developed, 
vary for each position of the piston. It is greatest during explosion, and decreases during 
the expansion stroke, and the following exhaust, admission, and compression strokes. 

Effect of the Flywheel on the Pressure on the Bearings. 

The weight W of the flywheel acts downwards at right * pi * 

angles, and endeavours on the flywheel side to hold the shaft -anH ' *-^ — ' — Fig. 5. 

down on the lower brass of the main bearing A* and against i* g - a 4 A x 

the cap of the bearing Ai on the other side. u " L ~ " « ~" 

Outer Main Bearing 
From Fig. 5 we get — Bearing, (flywheel side). 

Bearing on outer side, A x — 

Left-hand turning moment: M ( = A,(y + «) 
Right-hand „ „ M r = W x I 

Hence pressure upward on the bearing Aj = — — — =Wxr (6) 

Main bearing at A,— 

Left-hand turning moment : Mj = A, x (g + a) 
Right-hand „ „ M r = W x (L + I) 

Therefore downward pressure on the bearing A, = W-— - = W x - jj— (7) 

if ' 

As there are two bearings, and the weight of the flywheel has a different effect on each, they 
must be treated separately. 

I. Bearing on Outer Side (commonly called the Side-shaft Side), A t . 
After the above explanation, we can draw the diagram for this bearing, Fig. 6. 




Fig. 6.— Without a Flywheel. 

P is the magnitude and direction of the thrust on the connecting rod. 
0-5 P „ ,, „ „ this pressure on the main bearing (neglecting the flywheel, 

Fig. 6). 
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a would be the theoretical point of contact of the journal with the brass of the bearing 

(neglecting the flywheel). 
Rj is the direction and magnitude ot the resultant pressure. 
b „ theoretical point of contact of the journal and brass under this pressure (with a flywheel, 

Fig. 7). 



Fig. 7.— With 
a Flywheel. 




A l Outer Bear- 
ing. 







Thus the effect of the flywheel is always to shift the point of contact in this outer bearing 
slightly upwards. 



Here 



II. Main Bearing (Flywheel Side), A 8 . 



Wv 



•*"b— ^V-ph 




A 2 Main Bear- 
ing. 




asE Fig. 8.— With- 
i out a Flywheel. 



^s-P Fig. 9.— With 
" 7~ a Flywheel. 



The letters have the same meaning as before, when dealing with the outer bearing A lf 
but Fig. 9 shows that the resultant pressure R» is directed downwards, because the weight 
of the flywheel is exerted downwards. 

We will now calculate a numerical example for a single-acting four-cycle engine, having 

cylinder diameter D = 16 inches ; 
effective cylinder area A = 201 sq. 
inches; stroke S = 22 inches; ex- 
plosion pressure = 400 lbs. per sq. 
i inch, weight of flywheel W = 11,600 



Fia. 10. | 



I '>\ -NJ.N.-^vf 



\\\>«J..V\vviWM 



Outer Bearing. 




*£».... .*«*. ./J*" 

Main Bearing. 



The dimensions of that part of the 
crank shaft which must be taken 
into account are given at Fig. 10. 

We will base our calculations on 
the diagram Fig. 3a (p. 36), showing 
the inertia of the moving parts, but will confine ourselves to the third stroke (explosion and 
expansion). Compare Fig. 11. 

If the actual pressures be calculated for crank positions 1, 5, and 10, they work out as follows : — 



PfiEBSVBE ON THE BEARINGS: EXAMPLE. 
Table I. — Pressure on the Bearings. 



Positions 


JtMiored from Fig. 1 1 . 


On Uh Cnnk Pin. 


| On the Bwlngi. 


1 

s 

10 


p, = H in. = 2301bs.persq,in. 
p, = -S „ = 90 „ „ „ 
Pl ,= 85 „ = 64 


P = Axp, =201x230 = 46,230 lbs. 
P = Axp, =301x90 =18,090 „ 
P=Axp„ = 201x64 =12,86* „ 


0'5xP=28,1151be. 
|05xP= 9,046 „ 
lo-5xP= 6,432 „ 



A = area of the cylinder in sq. inches. 
This result is the same for both bearings, but the influence of the flywheel is exerted in different 
directions. 



ft 



Fio. 11.— Diagram of the Third Stroke. Fig. 12.— Diagram ol Actual Pressure on the Bearings. 

To make the subject clearer, a diagram of pressures on the bearings should be drawn, 
printed in black type in Table I. being plotted as in Fig. 12. The scale chosen is A inch - 

(For instance, for position 2 of the piston, measure from Fig. 12 a height of = 
which gives a pressure on the bearings of 0-64 x 2750 = 14,850 lbs.) 

I. Outer Bearing (Side-shaft Side), A,. 

The effect of the weight of the flywheel is the same for every 
position of the crank. In this bearing A„ according to equation 6 and 
Fig. 13, the pressure againat the cap of the bearing A t will be — 



11,6' 



~S8~ 



= 7000 



If these numbers be transferred to the scale o 
= 2750 lbs., the ordinate gives — 
7 000 
2750 x 1( 



Fig. 12, i.e. A inch 



= about 0-25 inch. 




Determination of the Resultant Thrust, It,. 
From the pressure on the bearing 05 P (parallel to the direction of _, ,, _. 
the connecting rod), and the vertical upward pressure A, upon the cap ^' t JfST™*™5™™' 
of the bearing, a resultant can be determined. The method adopteS of the Resultant Thrust, 
for position 5 of the piston is shown at Fig. 14. The pressure on the '' 
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bearing, 0-5 P (from Table I. or Fig. 12) is 8700 lbs. With the scale of ^ inch = 2760 lbs., this 
gives a length of 0*316 inch, and these values are plotted parallel to the direction of the thrust. The 
pressure against the cap of the bearing A, amounts to 7000 lbs. = 0*25 inch for every position of 
the piston, and is earned out vertically. By plotting the parallelogram of forces, as at Fig. 14, 
the resultant R L is obtained. 

The resultants in Fig. 15 are determined in the same way, and are plotted for positions 0, 5, 
and 10 of the piston. The curve is drawn by joining the different points of the resultants. 




WH6Q0lbt 




Fig. 15.— Resultant Pressure Curve for the Outer Bearing 
(side-shaft side, away from the flywheel), A,. 

Thus, in ordinary gas engines under normal conditions, all the pressures are seen to be directed 
upwards, towards the upper naif of the circle described by the crank. 

There is therefore a pressure on the cap of the bearing, and the engine could not work if the cap 
were taken off, 

IL Main Bearing (Flywheel Side), Ag. 

The effect of the weight of the flywheel is a constant, and for 
this bearing, according to equation 7, it amounts to— 

A 2 = 11,600 x ^-^ = 18,650 lbs. 

Taking as before the scale of ^ inch = 2750 lbs., the ordinate 
gives — 

*^_ 5 ° = 0-68 inch. 
2750 x 10 

From the pressure on the bearing (0*5 P) in the direction of the 
connecting rod, and tho share borne by the weight of the flywheel, A 2 , 
which acts downwards, the resultant R 2 is obtained for each position 
of the crank, after completing the parallelogram of forces (compare 
Fig. 16). 

In Fig. 17 all the resultant pressures are plotted for one stroke, and 
show clearly that they are all exerted downwards, in the lower half of 
the circle described by the crank. 

Hence there is no pressure on the cap of the bearing. 

In theory, therefore, the engine woula work if the cap of the main 
bearing on the flywheel side were taken off. 




Fig. 16. — Determination of 
the Resultant Thrust, 




<-i i i t ♦■ 

01S34t«7|liO 



Fia. 17. — Resultant Pressure Curve for the Main 

Bearing, A,. 



From the above calculations the pressures on the bearings can be determined for other types of 
engine. 
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FORCES ACTING ON THE CROSS HEAD, ETC. 59 

(b) Forces acting on the Cross Head, Crank Pin, etc. 

Under this heading we will deal with the loads on the piston transmitting tension or 
compression loads on the cross head, crank pin, etc., through the agency of the piston rod, 
connecting rod, etc. Since no engine has yet been built with a piston load exceeding 
660,000 lbs.— __ 

we will take a maximum piston load < 660,000 lbs (8) 

We must again make use of the steam engine for the sake of comparison, because 
sufficiently numerous tests have been made upon it to enable us to determine the loads of 
the moving parts. 

The numerical examples given in Tables II. to V. are based upon the following values : — 
The friction of the piston is neglected. 

Admission pressure p 9 = 0*9 atm. absolute (1 — p,) = 0*1 atm. (=1*5 lbs. per sq. inch). 
Exhaust „ p s = 11 „ „ (p„ + 1) = 0-1 „ (= 1-5 lbs. „ „ ). 

(1 — P*) * A~1'5 x A. Energy required in lbs. per sq. inch to draw in the charge of gas 

and air. 
(p. — 1) x A~l*5 x A. Energy required in lbs. per sq. inch to expel the charge of gas 

and air. 
1*5 x C x A. Energy required in lbs. to overcome the compression pressure, when the 

piston is halfway through its stroke. 
0'25 j) x A = 81 x A. Pressure on the piston when halfway through the stroke, in lbs. 

per sq. inch. 
Compression pressure C = 120 lbs. per sq. inch above atmosphere (gas engines). 
Back pressure C = 2*9 lbs. „ „ ,, (condensing steam engines). 

Explosion pressure p~ 330 lbs. „ „ „ (23 atms.). 

w = exhaust pressure in lbs. per sq. inch above atmosphere. 
r = radius of the crank in feet 

A = jD a = sectional area of cylinder in sq. inches. 

p, = back pressure of exhaust steam in lbs. per sq. inch (absolute) (1 — p ) = 10*3 lbs. per 

sq. inch. Table V. 
W = weight of reciprocating parts, in lbs. 

W W 

— = ty= = mass of the reciprocating parts. 

— =q— * acceleration on back centre, -vttj— acceleration on front centre in ft. per second*. 

© = change of pressure; in this crank position the pressure always falls upon a different 

side of the brass. 

O = release of the rods (pressure taken off). Here the brass remains on the same side 

as before, but has no pressure on it, because there is no change in the tensile and 

compressive stress upon the rods. 

By change of pressure in the rods we mean the reversal of the direction in which the pressure of 

the load is exerted in the bearings (compare p. 63). 

In the motor strokes (explosion and expansion), the part of the cylinder in which expansion takes 

place is indicated by dots. 

The formulas for calculating the forces 'acting on the crank pin in the last column but one of the 

tables is very simple. For instance, Table IV., line 1. Pressure on the piston at the dead point, in 

lbs- per sq. inch. The whole of this pressure is not transferred to the piston rod ; part of it, viz. 

W w' x r 
acceleration x weight of the moving parts, or ^ x — «q— in lbs., commonly called the inertia of 

the reciprocating parts, is employed to set the mass of the piston and rod in motion. The actual 

W n* x r 
pressure on the piston rod is only the difference between the two values, viz. p x A — ^ x — ^^— • 
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Variation and Magnitude of Forces acting on the Crank Fin. 
Table II. — Single-cylinder Four-cycle Engine, B 4. 

(For meaning of the signs and letters, see pp. 59 and 68.) 



Strokes. 



a 
o 

»i-H 

CO 
to 



00 



a 
o 

CQ 
CO 
© 

B 

O 

o 



rii 



II II 



9 

eS 

8 

II 



Successive positions of the piston 

daring one working cycle, 

two revolutions. 






,"N 








r-'f 



w 






Tension or 
compression 
in the rods. 



Tension 



© 



Compression 



Compression 



Compression 



Compression 



Compression 



Compression 



Compression 



Compression 



© 



Tension 



Load 

(minus the inertia of the 

reciprocating parte) In lbs. 



32X W +(1-2>.)XA 



Examples.* 



25 HP 
I) = 13 ins. 
S = 16 „ 
n = 2!0 „ 



6,600 lbs. 
(58*8 lbs.) 



600 HP. 
D = 47 ins. 
S = 6l „ 
n = 00 „ 



78,500 lbs. 
(45 lbs.) 



If a = 80°. Change of pressure in the rods. 
See diagram, Table VI. 



82 x 110- (1 " i, ' )xA 



32 X 110~( 1 -^ XA 



0-lCxA 



p W nV 

UXA ~32 X "78 



W nV 
■ pxA "82 x 78 



0-25i)xA 



. W n f r 

10X A X 

32*110 



4,420 lbs. 
(89 lbs.) 



4,420 lbs. 
(39 lbs.) 



1,280 lbs. 
(10-9 lbs.) 



5,900 lbs. 
(52*2 lbs.) 



29,000 lbs. 
(256 lbs.) 



8,800 lbs. 
(78 lbs.) 



6,280 lbs. 
(55 lbs.) 






4,780 lbs. 
(42 lbs.) 



51,500 lbs. 
(80 lbs.) 



51,500 lbs. 
(80 lbs.) 



19,900 lbs. 
(11-5 lbs.) 



123,000 lbs. 
(71 lbs.) 



495,000 lbs. 
(286 lbs.) 



143,000 lbs. 
(82*5 lbs.) 



79,000 lbs. 
(45*5 lbs.) 



56,800 lbs. 
(32-5 lbs.) 



If a =~100°. Change of pressure in the rods. 
See diagram, Table VI. 



W n'r . „ . 
32 x W- ( *-- 1)XA 



6,800 lbs. 
(55-7 lbs.) 



73,500 lbs. 
(42-4 lbs.) 



* The figures within brackets give the pressure in lbs. per square inch of piston area. 



FORCES ACTING ON THE CRANK PIN. 
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Variation and Magnitude of Forces acting on the Crank Pin. 
Table III. — Double-acting Four-cycle Engine, D 4. 

(For meaning of tlie signs and letters, see pp. 59 and 68.) 



Strokes. 



a 

o S 
* & 

Is 

II II 

OB JJ 



Successive positions of the piston 

during one working cycle, two 

revolutions. 




Tension or 

compression in 

the rods. 



Tension 



-n- 



8-i'g 

SUp* 
888 

H ii ii 






lis 

M K x 

© <X> CD 
II II II 



«"1 






a 


■43 


o 

•*4 


3 


00 
CO 


^3 


1 




"8 


II 


ii 


e 


«Q 




Tension 

o 

Tension 



Tension 



Losd (minus the inertia of the 
reciprocating parts) exerted on both 
faces of the piston in lbs. 



W n*r 

32 * 78 



0-1C x A + (1-1>,)A 



Example.* 
600 IIP. 
P = 33* inches 
S = 51 „ 
n = 90 



50,600 lbs. 
(57*5 lbs.) 

11,200 lbs. 
(12-7 lbs.) 



Release of pressure on rods. See diagram, 

Table VI. 



n 2 r 



W 

CxA -32 x no 



Tension 







Compression 



-r- Compression 



W n 7 r 

i,xA "32 x no + ( 1 -^ A 



63,800 lbs. 
(72-5 lbs.) 



25p x A - 0-1C X A 



254,000 lbs. 
(288 lbs.) 

61,600 lbs. 
(70 lbs.) 



Change of pressure. See diagram, Table VI. 



C X A " 32 X 78 " W X A 



a W n*r . ,, k 

J? X A - jg x tjy - (J?a - 1) X A 



Compression 



Compression 



Compression 



© 



Tension 



0-25jp x A - (p a - 1) x A 



wx A + 32 x il0" (i,a ~ 1)x A 



(^a-l)xA+g2X^-(l-i).)xA 



36,000 lbs. 
(40-8 lbs.) 



236,000 lbs. 
(268 lbs.) 



70,500 lbs. 
(80 lbs.) 



47,000 lbs. 
(53-4 lbs.) 



36,200 lbs. 
(41 lbs.) 



Change of pressure. See diagram, Table VI. 



w wV / X A 

32 X^ -ta-P.)xA 



48,200 lbs. 
(547 lbs.) 



* See footnote, p. 60. 



Variation and Magnitude of Forces acting on the Crank Pin. 
Table IV. — Double-acting Two-cycle Engine, D 2. 



Strokes. 



•i « 2 

p,p«S 
88 8 
ii ii ii 



2 -a SB 
£ s g* 

8SS 
II II II 



Successive positions of the piston 

during one working cycle, 

one revolution. 





••- '— i- 





Tension or 
compression 
In the rods. 



Compression 



Compression 



o 



Tension 



Tension 



Tension 



© 



Compression 



Load (minus the inertia of the 

reciprocating parts) exerted on both 

faces of the piston in lbs. 



W nV 
P xA ~82 X 78 



026pxA-0lCxA 



Example.* 

600 HP. 
D = 23* ins. 
8 = 51 „ 
n = 90 „ 



118,000 lbs. 
(266 lbs.) 

30,800 lbs. 
(69-6 lbs.) 



Change of pressure. See diagram, Table VI. 



n a / a , w ntr \ 22,040 lbs. 
CxA-JuxA+ggXjjg^ (49-7 lbs.) 



W nV 
pxA y2 x 110 



0-26pxA-0-lCxA 



125,000108. 

(282 lbs.) 



80,800 lbs. 
(69-6 lbs.) 



Change of pressure. See diagram, Table VI. 



CxA-(«,xA+§x|r) H3,2001bs. 



(298 lbs.) 



Table V.— Single-cylinder Condensing Steam Engine. 



Strokes. 



0) 

M 

P 
03 

M 

sg 

J '3 a g 

a § S P< 

•m c o o 

II II II II 



o 

CO 
09 



a> 



CO 
CO 

© 

* § 

3 2 3 2 

09 



Successive positions of the piston 

during one working cycle, 

one revolution. 





las 



«£ CO CD o 



&,« «r3e 





Tension or 
compression 
in the rods. 



Compression 



Compression 



Compression 

© 



Tension 



Tension 



Tension 



© 



Load (minus the inertia of the 

reciprocating parts) exerted on both 

faces of the piston in lbs. 



W n*r 
pxA-Hl-pJxA-ggX-^g- 



0-3pxA+(l-i> )xA 



W «V 
(wxA-CxAJ+^Xjjq 



Example.* 

600 HP. 

D = 39* ins. 

S = 51 „ 

n = 90 „ 



66,200 lbs. 
(96-8 lbs.) 



26,500 lbs. 
(88-7 lbs.) 



16,700 lbs. 
(24-5 lbs.) 



Change of pressure. See diagram, Table VI. 



W n 2 r 
l>xA-Hl-p )xA-£jXjiQ 



0-3j?xA+(l-2> )xA 



W 



n*r 



(wxA-CxAJ+ggXTyQ- 



70,500 lbs. 
(103 lbs.) 

26,400 lbs. 
(88-6 lbs.) 

23,200 lbs. 
(34 lbs.) 



Change of pressure. See diagram, Table VI. 



* During two single strokes there are two changes of pressure. The figures within brackets 
give the pressure in lbs. per sq. inch of piston area. 



COMPARISON OF LOAD IN GAS AND STEAM ENGINES. 
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To explain the expression " change of pressure" the diagrams in Tables II. to V. must be studied, 
to see which side of the bearings comes under pressure. In these diagrams 

when the pressure falls on the back # ,^^E^Y brass of the bearings, it is called compres- 
sion in the rods ; 




when there is no pressure on either 




side of the bearings, it is called change of 
pressure, or release of pressure on the rods ; 



All with one cylinder only. 



when the pressure falls on the m ^ -y^fr - front brass, it is called tension in the rods. 

In Tables II. to Y. the load on the piston (minus the inertia of the reciprocating 
parts) is calculated for given dimensions of engine. If these pressures are plotted vertically 
for the different types, we get the diagrams shown at Table Vl. 

All the engines are assumed to have the same length of stroke, to develop the same 
power, and to run at the same number of revolutions, and therefore at the same piston speeds. 

The four engines, diagrams of which are given, are — 

1. Single-acting four-cycle. 

2. Double-acting „ 
8. „ „ two-cycle. 
4. Steam engine. 

Table VI. — Comparison of the Load on the Piston (less Inertia) of a Gas Engine 

and a Steam Engine, each having one Motor Cylinder. 

HP about 600. Stroke = 51 inches. n = 90. c = piston speed = 765 feet per minute. 

W = weight of reciprocating parts in lbs. 

W 

T|p = weight of reciprocating parts per HP in lbs. 

Singh-acting Four-cycle Engine 
(E 4, one cyl.). 

r> ft 9* * 

D = 47J inches ; ?f = -^ = 20-6 lbs. 

W= 11,200 lbs. ; ^ =ig?= 18-7 lbs. 

inertia (out stroke) q t = 30 
>» fin » )?i = 43 

Double-acting Four-cycle Engine 
(D 4, one cyl.).' 

D = 33£ inches ; ^ = 8 |'- 5 = 41-2 lbs. 
W= 7500 lbs. 5 HP = ^ = 12-5 lbs. 




p7*§ (kv^m if Prtstvrt. 







n 



inertia (out stroke) = q t = 41 '2 
» (hi „ ) = ?i = 58 

Double-acting Two-cycle Engine 
(Koerting) (D 2, one cyl.) 
D = 23} inches ; Pl = p m 82-5 lbs. 

W= 3750 lbs. ; ^ = |g = 6-25 lbs. 

inertia (out stroke) q 9 = 41*2 ., 
» ( in ,t ) ?i = 58 : , 
Steam Engine (Condensing). 
D = 29 J inches ; p x = p m = 47 lbs. 

W = 3300 lbs.; ^ = *™ = 5-5 lbs. 

inertia (out stroke) q t = 23 lbs. 
» ( in >i ) Vi = 33 „ 
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Although the above values have been determined for an engine developing 600 HP in one 
cylinder, they may also be used tor smaller powers, as the inertia of the reciprocating parts (with 
a piston of the usual dimensions per sectional area) does not vary much, whatever the power 
developed. The diagram in Table VI. for a 600 HP single-acting engine can also be plotted for 
the 25 HP engine in Table II. Table VII., giving the comparative values, will not, as we have said, 
reveal any marked difference between them. 

Example from Table VI. In a double-acting four-cycle engine (Deutz), the load on the piston, 
minus the inertia of the reciprocating parts, is three times, and in a double-acting, two-cycle engine 
one and a half times as great as in a steam engine, 1 although the latter and a two-cycle gas engine have 
more or less the same working cycle. The apparent superiority of engine D 2 over engine D 4 is lost, 
because of the necessity for separate charging pumps in the former. 

Table VII. — Comparison of the Load on the Piston (minus the Inertia of the Recipro- 
cating Parts) in a Four-cycle Gas Engine and a Steam Engine. 



(The figures show how many times greater the piston loads (minus the inertia of the reciprocating parts) 

are in gas engines than in steam engines of the same power,) 
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Table VII. — Example 1. — The first line in this table shows that, for the same power, the load on 
the piston (minus the inertia of the reciprocating parts) in a single-acting, four-cycle gas engine 
(type a) is six times greater than in a single-cylinder steam engine, and twenty-four times greater 
than in a triple engine. 

Example 2. — In a four-cylinder, single-acting, four-cycle engine (type e) the piston load (minus 
the inertia of the reciprocating parts) is three times greater than in a compound two-cylinder 
steam engine. 

Example 3. — In double-acting, four-cycle gas engines the pressure is rather better distributed, 
but even nere the steam engine is superior. In the double-acting, four-cycle, four-cylinder engine 
(type *), the piston load is still three times greater than in the three-cylinder steam engine. 

According to equation 8 (p. 59) the maximum allowable pressure on the rods is taken at 
660,000 lbs., and according to the above table this pressure is developed much sooner in gas than in 
steam engines. 

With a pressure on the rods (piston load minus inertia of reciprocating parts) of 000,000 lbs. 
we get (from Table VII.) — 

Table VIII. — Maximum Horse-Power at Normal Load. 

In a four-cylinder, single-acting, four-cycle gas engine (type e) : 

About 600 HP per cylinder. Total 2,400 HP. 
,, ,, double-acting, four-cycle gas engine (type i) : 

About 1000 HP per cylinder. „ 4,000 HP. 
„ three-cylinder steam engine (triple expansion) : 

About 3600 HP per cylinder. „ 10,800 HP. 

Note. — The various parts of a gas engine have to be designed strong enough to resist the 
ignition pressure, which of course influences the cost of the engine, but the power of the engine 
is determined by the mean pressure. 
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CHAPTER VII. 



The Parts of the Engine. 

The beginner should make himself familiar with the various parts of a gas engine, and 
with their names. The following definitions will be found useful to begin with.: — 

Names of the Various Parts of an Ordinary Four-cycle Gas Engine. 

Figs. 1, 2 (next page). 



No. 
1 
2 
8 
4 
5 



6 

7 
8 



9 
10 
11 



12 
18 
14 



15 
16 
17 



18 



19 
20 
21 
22 



28 



Frame. 
Frame or bed. 
Cylinder water jacket. 
Water space. 
Cylinder liner. 
Liner joint ring (to water jacket). 



Bearings. 

Main bearing. Flywheel side. 

„ „ Side-shaft (outer) side. 
Out-end bearing. 



Crank shaft. 
Balance weights. 
Crank pin. 



Shaft. 



Connecting Bod. 
Connecting rod. 

Big end of connecting rod (crank end). 
Small ,, „ (piston end). 



>f 



Piston. 
Piston. 
Piston ring. 
Piston pin (cross-head). 



Flywheel. 



Flywheel. 



Gearing. 

Crank worm (driving the valve gear). 
Side shaft. 
Side-shaft bearing. 
Guard for gearing. 



Governor. 



Governor. 



No. 

24 

25 

26 

27 

27a 

28 

29 

30 

31 



32 
83 
34 



35 
86 
87 
38 
39 
40 



41 
42 



43 
44 
45 
46 
47 
48 
49 
50 
51 



Valve Gear. 
Breech end. 
Breech-end cover. 
Water jacket to valves. 
Mixing chamber for gas and air. 
Combustion chamber (dotted). 
Gas pipe. 
Air pipe. 
Exhaust pipe. 
Water jacket to exhaust. 



Valves. 

Admission valve block. 

„ valve. 
Exhaust valve. 



Cooling Water Pipes. 

Cooling water inlet pipe to cylinder. 

,, breech end. 
outlet from cylinder. 

„ breech end. 

f , exhaust. 
Main outlet pipe for cooling water. 



»» 
>> 



it 



»> 



Drain Cocks. 

Drain cock from cylinder water jacket. 

breech end jacket. 



»* 



M 



Lubrication. 

Oiling rings for main bearings. 
Piston lubricator. 
Piston-pin lubricator. 
Oil pump for above. 

„ driving gear. 
Centrifugal lubricator for crank pin. 
Lubricator for Bide-shaft bearing. 
Crank splasher guard. 
Oil guard on main bearings. 
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GAS ENGINES. 



Calculation and Construction of the Parts of an Engine. 

In studying the construction of the different parts of a gas engine, we assume that 
the reader has an accurate knowledge of steam-engine construction. To retain, when 
constructing a large gas engine, the same design of the parts as that used for a small 
engine, and merely to increase the scale of dimensions, is a serious error. We must utilize 
the experience accumulated during two hundred years in building steam engines, especially 
with regard to the strength of the working parts, and the effects of variations in the tempera- 
tures. These are shown in Table I. for steam engines and for internal combustion engines. 



Table I. — Pressures and Temperatures (Figs. 8-5). 



1. Steam enginoi 
1 oyl. condensing / 

2. Lighting gas 

3. Press ana suction) 
producer gas J 

4. Blast furnace gas 

5. Benzine 

6. Oil 

7. Diesel (oil) 

8. Banki benzine 



Pressures in lbs. per sq. inch above Atmosphere. 



Initial 
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sion pres- 
sure 



100-200 
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242-480 

215-855 
170-285 
142-256 
455-600 
570 
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pressure 



w 



8'5»-21-6 
21-5-42-7 



Backpres- 
sure p for 
steam 
engines 

p* for 

gas engines 

absolute. 



43-15-6 
1M-15-6 



it 

i» 
ii 
ii 
ii 
i» 



Compres- 
sion 
pressure 



Mean 
pressure 



Jhn 



0-171 

42-7-114 

114-214 

171-228 

48-71 

48-71 

455-600 

171-228 



30-71'S 

50-98 

43-78 

48-78 
57-85 
48-57 
85-114 
100 



Temperatures in degrees Centigrade. 



At 

ignition 

or 
explosion 



After 

expansion 

(termnl.) 



160-800 
tL250-1750 

ii 

n 
ii 

120CM600 



ii 



U 



90-120 
500-800 



ii 

ii 
ii 
ii 
ii 
ii 
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exhaust 
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ii 



25XM00 
10O-200I 



At I During 
admls- compres- 
sion slon 
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t e 
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800-500150-100 300-600 



ii 

ii 
ii 
ii 
i» 
ii 



if 



ii 



ii 



ii 



500-600 
200-300 



* Lbs. per sq. inch absolute. 
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Fig. 8.— Steam Engine, 
exhausting to atmosphere. 



Fig. 4. — Steam Engine, 
condensing. 



Fig. 5.— Four-cycle 
Gas Engine. 
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.Section I. The Crank Shaft. 

It is the universal practice of engineers to build solid forged cranked shafts (not over 
hung crank pins). 




R 3 B2 



Fig. 6. — Design for a Small 

Engine with Light Flywheel 

(2 Bearings, 1 Flywheel). 




c 







Fig. 7.— Crank Shaft (8 Bearings, 1 Flywheel). 

Lit Journal for main hearing, flywheel side. L s Journal for main hearing, side-shaft side. 
L 3 „ „ out-end hearing. 
SS Crank webs or cheeks. 
Ri to R 4 Oil fender rings, to prevent the oil splashing, when the bearings are lubricated by rings 
(see p. 75). 
00 1 Oil holes in crank pin K ; gg, tapped holes for set screws, to screw the centrifugal lubri- 
cator ring to the crank web. 
M, Sunk or feather key for flywheel. 
M 2 ,, ,, „ crank worm. 

NN Keys for securing balance weights to crank webs (see p. 79). 
G x G t Balance weights (to balance the rotating parts) (see p. 79). 

In designing the crank shaft the following points must be considered : — 

1. Are there to be two or three bearings, one or two flywheels ? 

2. In choosing the dimensions, careful note must be taken of engines already built. 

3. Provision must be made that the engine when built can be run with a cylinder of larger 

diameter. 

4. Oil must not be thrown out from the main bearings. 

5. Oil feed to the crank pin must be automatic and certain in action. 

6. Driving the valve gear. If the valves are not worked from the side shaft, some arrangement 

for driving the governor will be necessary. 

7. Balancing the reciprocating and rotating parts. 

8. Choice of suitable materials for the crank shaft, etc. 

9. The strength of the crank pin, journals, and crank webs should be tested. The pressure on 

the bearings, as well as the friction, and the factor of safety, should be determined. 
Occasions may arise when the dimensions of these parts have to be altered. 

10. For hand- turning gear, or a pulley and belt for compressing air, see chapter on " Starting." 

We will now consider these different points in detail. 



r 
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GAS ENGINES. 



a and Flywheels. 



1. Numbers of 

As a general rule, the following are the six most usual methods of arranging a given 
Dumber of bearings, flywheels, and pulleys (Figs. 8 to 13). 



Fig. 8.-2 Bearings, 1 
Driving Pulley Flywheel. 



Fig. 9. — 2 Bearings, 2 Driving 
Pulley Flywheels. 



Fig. 10. — 3 BearingB, 1 Driving 
Pulley Flywheel. 







3 





Fig. 11.— 2 Bearings, 1 Fly- 
wheel, 1 Driving Pulley. 



Fig. 12.— 2 Bearings, 2 Fly- 
wheels, 1 Driving Pulley. 



Fig. 13.— 8 Bearings, 1 Fly- 
wheel, 1 Driving Pulley. 



From these we will select as most suitable for study : — 

4.-2 Bearings, 1 Fl 
1 Driving Pulley Flyw 



Fig. 14.— 2 Bearings,J. Flywheel, 

rheel. 



Fig. 15.— 2 Bearings, 1 Fig. 16.— 8 Bearings, 1 Driving 
Driving Pulley Flywheel. Pulley Flywheel. 



Connect- 
ing rods, 
etc., dif- .J — 
ficult of 



access. 






Up to 20 P for power in factories and workshops, 
but with a heavy flywheel a third 
bearing is necessary. 



Above 20 P for industrial purposes, and 
in general for electric lighting, and 
therefore a heavy flywheel is required. 



Engines in factories, workshops, mines, etc., generally have a separate pulley, as shown at 
Figs. 11 and 13, otherwise the speed of the drive would be too great. In engines driving dynamos 
the flywheel always forms the driving pulley (compare " Flywheels," pp. 164 et seq.). 



2. Dimensions of the Crank Shaft. 

The most important of these, and first to be considered, are — 

Diameter and length of the crank pin. 

„ „ „ of the main bearing journals. 

Distance L between the crank-shaft bearings. 

These dimensions are generally directly proportioned to the diameter of the cylinder. 
In the following diagrams the ratios for some engines are plotted. 
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Diagram, Fig. 17. — Horizontal 
Engines. 

crank-pin diameter 
cylinder diameter 



The thick line ^-^ corre- 
sponds to the dimensions of 
engines at p. 73. 
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Cylinder Diameter. 
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Diagram, Fig. 18. — Horizontal 
Engines. 

Ratio 

diameters of main bearings 

cylinder diameter 

The thick line ■ corre- 

sponds to the dimensions of 
engines at p. 73. 



uoo mm. 



Cylinder Diameter. 
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Diagram, Fig. 19. — Horizontal 
Engines. 

Ratio 
distance betwee n the bearings 

cylinder diameter 



j* L* *\ | I . 



The dimensions of engines in p. 73 
lie within the shaded areas /////// 



mm. 



Cylinder Diameter. 



Engines by the same makers are, in the above diagrams, denoted by the same sign. 
Thus O signifies Deutz, □ Nurnberg E 4 , A Swiderski, 6 Koerting D 2 (two-cycle). 

In engines of over 14 inches cylinder diameter the crank pin is made larger in diameter than 
the main bearing journals. In engines up to 20 inches the diameter of the crank pin may be = 
diameter of the main bearing journal. 

The standard types of crank shafts given at pp. 72, 78, represent actual engines, and 
are based on the calculations at pp. 83-04. 
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3. Dimensions of Shoulder between the Crank Web and Main Bearings. 

In the standard types of engines given in the preceding table, the main brasses are 
not, as in Fig. 26, fitted close up to the crank web, but a shoulder is interposed, the 
diameter of which is not less than 1*2 d, and should be somewhat smaller than the width 
of the crank web (see Fig. 27). The dangerous point is where movement is transmitted 
from the crank web to the journals. If the same pattern of frame is used for different 
diameters of cylinder, the dimensions of a must be correspondingly increased or 
diminished. In certain cases the shoulder may be made very narrow (compare Fig. 30). 
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Fig. 26. 



Fig. 27. 



Fig. 28. 



Fig. 29. 



...N,^ 



I L 




Fig. 30. 



4. Oil Fender Ring. 

The oil escaping from the bearings at Jc is thrown outwards and upwards towards s 
(Fig. 28) by centrifugal force, and might then be flung out from the crank web. This is 
a defect common to many gas engines, and is avoided by having the oil fender ring 
turned on the shaft (Fig. 29). The oil cannot then creep along to the crank web, but 
only to the outer periphery of the ring. If the circumferential velocity is small, it drops 
from here into the oil-guard ; if the speed is great, it is flung off. 

When the shoulder is very narrow, the fender ring maybe shaped as shown at Fig. 30. 

The bottom of the groove z should have no sharp angles, as at Fig. 31, but should 
be rounded off, and be at least 10 per cent, larger in diameter than the crank shaft journal, 
as in Fig. 32. Ail sharp corners are liable to start a fracture. 

Table III. — Dimensions of the Oil Fender Ring. 

(Fig. 33.) 



d = 3£" 

b = ¥ 



3A"-4g" 


4$"-G" 


6±"-7r 


\" 


\" 



8"-12" 
I" 





Fig. 31. Fig. 82. 



Fig. 83. 



The oil which drips from the fender ring is caught in the guard shown at Fig. 29, 
and from thence escapes into the reservoir of the oil-ring bearing, as seen in the drawings 
at p. 105. 

5. Crank Pin Lubrication* 

For oiling the crank pin the so-called centrifugal ring lubricator, which has proved 
very satisfactory in high-speed steam engines with cranked shafts, is exclusively used. 
The oiling ring R (Fig. 84) is secured to the crank web by set screws. 
The action of the centrifugal-ring lubricator is as follows : — 



76 GAS ENGINES. 

The oil IB fed front the sight-feed lubricator T through the small pipe r into the ring 
R, is driven by centrifugal force into the deep channel turned in the inside of this ring, 
and passes to the crank pin through the hole z. 




Fiq. 34.— Oiling B 



Fig. 35.— Wrong. 




Eight. 



To allow the oil to pass freely out of the hole, the latter should not discharge parallel 
to the direction of the crank web, as at Fig. 35, because after compression and during 
explosion the big end brasses are pressed hard against the pin at this point. It is better 
to drill the oil hole at the side, towards the front when the crank is vertical, as shown iu 
Figs. 36, 37, and preferably in an oblique direction. 
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Construction of the Centrifugal Ring Lubricator. 

Smaller rings are made of gun metal, larger of cast iron. They may be 
either semicircular or square in section (Figs. 38, 39). 

The lubricator ring is preferably made in two parte, as otherwise it is 
impossible to take it off after the engine has been erected. 





Fia. 40.— Lubricator Ring. 



To avoid too large a diameter of the lubricator ring It, making it liable to " wobble," 
a small pipe v with flange / is added ; for engines above 10 inches throw it is cast on 
(Fig. 46), and above 1C inches throw screwed on to the ring R (Fig. 41). The ring mnst 
always, however, be large enough to allow ample clearance between the bearing, oil fender 
guard and oiling ring, that oil may be poured direct into the latter, if necessary (Fig. 41). 



STAND ASD DIMENSIONS OF OILING BINO. 
Parts of a Centrifugal Oiling for the Crank Pin. 





b Bolts for boles B, to bolt the two halves of the ting together. 

e Leather packing washer for oil channel C. 

d Screws for holes D, to secure the oiling ring to the cheek of the crank. 

e ,, „ E „ branch to the crank cheek. 

/ Nipple to close the oiling hole F in the branch E. 



Standard Dimensions of the Centrifugal Oiling Ring. 




5Z§£ 



Fiqh. 63-57.— For Engines np to 20" Stroke (Bee Table IV.). 
{The drawing shows a centrifugal oiling ring for an engine 11" stroke. Scale f^.) 



The following measurements are merely to t 
Deviations from them are naturally allowable. 



e as a guide in designing these parts. 
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Figs. 58-62.— For Engines above 22" Stroke. 
(This drawing shows a centrifugal lubricator for an engine of 24" stroke. Scale ^.) 



Table IV.— Centrifugal Lubricator for Crank Pin. 

(Figs. 52-67 and 68-62.) 
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The dimension m, i.e. the distance between the centre of the screws fastening the 
ring to the crank web, most be determined when designing the parts. 
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Table IVa. — Centrifugal Lubricator for Crank Pin. 

(Pigs. 52-57 and 58-62.) 
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6. The valve gear is usually worked from a side shaft driven by worm wheels keyed 
on to the extension of crank shaft (Figs. 1, 2, p. G7) ; the dimensions of these wheels 
depend upon the perpendicular distance between the crank shaft and the side shaft. 
The diameter of the extension of the crank shaft must be determined by the bore of the 
worm. 

7. Balancing the Reciprocating and Rotating Parts. 

This is intended to lessen the shock caused by the engine rocking to and fro on its 
foundation. Let — 

W a = weight of the balance weight in lbs. 

R = radius of the centre of gravity of the balance weight in feet. 
W 2 = weight of the crank pin and the big end of the connecting rod + half the weight 
of the body of the connecting rod, in lbs. (see p. 28). 
r = throw or radius of the crank in feet. 
W 3 = weight of the piston and piston pin in lbs. + half the body of the rod and small 
end (p. 28). 
Taking count of the inertia we get — 

T 

For korizonUd gas engines Wj = 0*7 (W 2 + W 3 ) g lbs. ... (1) 



» 



vertical 



r 



»> 



*» 



W, = W 2 plbs. 



... (2) 
Equation 1 would 



in 



Balance weights are also very desirable to facilitate starting the engine, 
apply for vertical, and equation 2 for horizontal engines. 

Assuming y = y x and b = 2*2 r (Fig. 64), the 
radius of the centre of gravity of the balance 
weight is found thus: Divide the area of the 
weight into sections f Y f 2 (Pig. 63), and determine 
the distances e l % of the centre of gravity of each 
section from the axis of the crank shaft AA. 
Then the distance of the centre of gravity of *- 
the whole balance weight from the axis of the 
shaft — 

R= 4|L+Af? iQfeefc 

J\ ~r.h 
at which point the whole weight is supposed to be concentrated. 

If the balance weight is thicker at the bottom than the top, and 6, > b x (compare Fig. 79), R is 
increased, and is expressed by the equation -r-? = R (4) 




Fig. 68. 
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To calculate the stress upon the balance weight bolts and side keys, centrifugal 
force exerted when the balance weight is revolving at the speed of the engine must be 
known, namely — 

,,r ", WRn' 



CF = 



(5) 



n which 



, = weight of balance weight in lbs. (equations 1 and 2). 
R = radius of centre of gravity of balance weight in feet (Fig. 6 
n = revolutions per minute. 



V = 2 



30 " 



inferential velocity of centre of gravity in feet per second . (6) 



^U> 



r^ 



Equation 5 gives the centrifugal force exerted by the whole of the balance weight, which must 
be halved to get the weight on each crank web. 

Roles for Constructing the Balance Weights. 
"' The weights should be placed at nearly at postiMe in the tame place as the reciprocating parts. 
With forged cranked shafts in gas engines this arrangement is not difficult, as each crank web 
carries a balance weight equal to half the total weight. 

Balance weights should not be placed on the flywheel, 
as dangerous lateral thrusts may be set up (compare 
" Steam Engines,'' 8th Edition). 

In any case it is often difficult, if the frame is to be 
kept low, to place the balance weights in the crank pit 
and allow them sufficient room to slew round, without 
having the crank pit projecting below the frame. It should 
also be possible to withdraw the piston without taking of! 
the balance weights (see " Eranker Gas Motor, "par. 72b). 

The balance weight should either be forged 
solid with the crank web, or cast in a separate 
piece, and firmly secured to it, as shown in various 
ways in Figs. 65 to 74, 

Figs. 05, 6G. Balance weight forged solid with 
the crank web. This method is rarely adopted, 
because it makes the crank shaft mnch more dif- 

£t\ _ ficult to manufacture and erect. 

/ ISj" J \ Figs. 67, 68. Cast-iron balance weights dove- 

tailed on to the crank web, and locked with set 
screws. 

Figs. 69, 70. Caet-iron balance weights secured 
with bolts. Side keys or bolts should be provided 
as an additional safeguard, as otherwise the centri- 
fugal force falls only on the bolts. 

Figs. 71, 72. Balance weight* fixed on by 
studs, and secured by suit keys. The hole for 
tightening up the nut or stnd is closed by a plate, 
painted and varnished. 

Figs. 73, 74. Balance weights secured by long 
bolls and Bide keys (Deutz 60 H.P.). The nuts 
on the bolts can be let into recesses in the balance 
weights, that they may not project beyond 
them. 



BALANCE WEIGHTS. 
Farts of the Balance Weights. 
In Figs. 78-77— 
AA denote balance weight (cast iron). 
K „ key for keyways N. 
S „ studs to fit boles L. 
„ hole to tighten nnt on Btud S. 
To improve the appearance of the 
balance weights the openings are covered 
with a plate. 



Table V.— Balance Weights. 
(Pigs. 78, 79.) 

(The drawings show the balance weights 

for an engine of 22" stroke. Scale 1 : 20.) 

The studs are intended to facilitate 

the putting together of the balance 

weights, and the side keys to strengthen 

It should be possible (after discon- 
necting the connecting rod) to withdraw | 
the piston without removing the balance ^ 
weights, and this must be allowed for 
when calculating the dimensions. 

Dimensions 
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Dimensions in millimetres. 



400 
450 

500 
550 
600 
700 
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240 


366 


100 


20 


270 


400 


110 


23 


310 


460 


120 


26 


350 


520 


132 


29 


390 


575 


144 


32 


425 


635 


166 


35 


466 


690 


167 


39 


545 


800 


190 


46 



> 


* 
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25 


10 


22-5 


80 


12 


22-5 


36 


14 


36 


40 


16 


27 


46 


18 


28 


60 


20 


SO 


66 




39 


65 


24 


35 



These 
equation 



measurements amount to about 75 per cent, of the weight Wi given by 
1, and in most cases this approximation is sufficient. 
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8. Material of the Crank Shaft. 

For this the best quality of forged steel is almost exclusively used. 

9. Calculating the Strength of. the Crank Shaft.* 

It is desirable, as already stated, to determine approximately, at the outset, the strength of the 
journals, and other dimensions of the crank shaft For these the diagrams (p. 71) and Table of 
Standard Measurements of the various parts of the crank shaft (p. 73) may be used, but other 
types of engine must also, as far as possible, be studied. 

The diameter of the crank shaft should not be worked out from a given formula ; the student 
is too much inclined to place reliance on results thus obtained. To calculate a crank shaft, 
the main dimensions must first be determined either graphically, or by analysing the stresses. 
The graphic method is preferable, but it can only be used to advantage by those who are specially 
practised in the art of graphic representation, and have thoroughly mastered the subject. We will 
therefore base our calculations on an analysis of the stresses, because it is more easily understood, 
and forms a check on the results graphically obtained. 

The following calculations apply to single as well as double acting engines, because, in both, 
the sequence of explosion strokes is so arranged that there is no increase in the pressure of 
explosion (compare the developed diagrams, pp. 16, 17). Therefore the bending stresses upon 
the crank shaft are more often repeated in the same unit of time in double-acting and multi-cylinder 
than in single-acting engines, while the intensity of the stresses remains the same. 






Fig. 80. 



Fig. 81. 



Fig. 82. 



We will now proceed to consider the three methods of arranging the crank, crank-shaft bearings, 
and flywheel shown at Figs. 80-82, which according to p. 70 are those in most general use. For 
clearness' sake the calculations for the three types are tabulated side by side, although this has 
necessitated more elaborate equations than would otherwise have been required. In vertical 
engines, the maximum stresses in the flywheel bearings are developed when the crank shaft is 
below (that is, when the crank is on the top centre), because the weight of the flywheel and pressure 
of the piston are both exerted in the same direction. 

In engines in factories and workshops, where there is a separate driving pulley at the side of the 
flywheel, the weight of the pulley ought to be taken into account. Its effect upon the stresses is, 
however, only small, and the tension of the belt may also be neglected. 

We have to consider and test the — 

1. Strength of the crank shaft. 

2. Surface pressure on the journals (to ensure cool running). 

* The moving parts must always be calculated for the mftYiTrmm pressure, as has been done here ; 
the mistake .should never be made of calculating these parts for the actual loads coming on them 
during working (p. 59), and not allowing for the greater load thrown on them when starting or 
running slow. The inertia of the moving parts in small engines does not amount to much ; in large 
engines, especially tandem engines, the inertia is very great, but it would not be advisable to allow 
for it in our calculation, for the reasons mentioned above ; also it must be borne in mind that an engine 
which has been designed for a maximum ignition pressure of 850 lbs. per sq. inch may sometimes 
have to stand a pressure of 420 lbs., owing to a very complete mixture of the charge and consequent 
rapid ignition. Again, we must consider the mischief produced by pre-ignitions ; however careful 
the designer may be to avoid projections or pockets in the combustion chamber, pre-ignitions 
occasionally occur in large gas engines driven at their maximum load with gases rich in hydrogen. 
Again, a careless driver may start pre-ignitions whilst shifting the ignition gear from the starting to 
the working position, therefore the moving parts must always be calculated for the maximum pressure. 
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To check the above calculations, and verify the dimensions of the crank shaft on 
which they are based, the results are worked out in Table XXIII., for four different sizes 
of gas engines, from the equations at pp. 83-89. To calculate a complete example will 
take a beginner eight hours, a more advanced student five hours. The last column of 
the table is left blank, for inserting further examples. 

Table TI. — Data for Calculating the Crank Shaft. 
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Figs. 29, 80.— Dimensions of the Orank Shaft. 
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Crank shaft with 
2 bearings, 1 fly- 
wheel. 



Crank shaft with 
8 bearings, 1 fly- 
wheel. 
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16, 



*» 



11 



18 
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84 



Area of piston A = 

Press, on piston, with p = 

870 lbs. per sq. in. F = 
Pressure on piston where 

max. turning moment! 

ocours P* = ( 

Weight of flywheel from 



/ 



W = 



Table I., p. 24 
The values 
given are taken 
from Table II., 
(p. 78), the di- 
mensions given 
in this table re- 
f e r to conti- 
nental engines I 
built to mm.; for [ 
the sake of sim- 
plicity the near- 
est even dimen- 
sions in ins. have 
j been taken for 
i these calcula- 
tions. 

8, 9, p. 88 Press.on bearings A x = A,= 
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Compare footnote, p. 94. 
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on bearings \ 


R,»= 


1,560 , 


15,310 


28,500 


88,750 j ,, 


14 


B,»= 


1,712 ; 


15,800 


29,000 


86,100 


17 


Radial component 


C = 


1,770 ' 


17,700 


88,000 


97,000 ! 


18 


Tangential component t — 


1,470 ; 


14,700 


27,500 


80,600 I , 


19 


Radial component 


c.= 


270 1 


1,600 


5,920 


21,500 1 


20 


Tangential component U— 


400 i 


2,340 


8,800 


82,000 | | 


21,22 


Pressure on| m _ 

bearings / pl 
Pressure on bearings 


T„= 


885 1 


8,850 


16,500 


, 48,500 l 


28 


T n = 


-154 , 


-800 


Zerof 


1 Zerot ' i >i 


24 


»> it 


T^= 


425 1 


2,400 


3,100 


, 11,800 ; 


25 


i> >> 


T..= 




— 


2,820 


1 10,200 1 . 


26 


ii i» 


T,= 


1 781 


8,050 


16,500 


48,500 ' 


27 


ii i> 


T,= 


I 1,310 


11,250 


19,600 


59,800 


I ii 


28,29 


Pressure on) ^ 
bearings / JN ^ 1 "" 


■N„= 


I 785 


7,850 


18,750 


40,800 


80 


Pressure on bearings 


N.,= 


-280 


-1,170 


Zerot 


i Zero t i i, 


31 


ii ii 


N* = 


1 625 


8,500 


4,680 


16,800 . „ 


82 


ii >> 


N„= 


1 

i 


^^^ 


4,200 


I 15,200 


88 


ii ii 


N,= 


505 


6,180 


18,750 


40,300 | 


34 


i> ii 


N,= 


1 1,860 


10,850 


18,380 


i 57,100 1 


ii 


35 


Resultant pressure) 
on bearings / 


»,*= 


860 


10,150 


21,450 


1 68,100 1 


ii 


36 


*,'= 


I 1,892 


15,680 


26,900 


| 82,700 

1 


ii 


At the 


dead point — 




i 


i 


i 


| 


1 

1 
i 


87 


1. Crank pin 


M»= 


6,250 


168,500 


! 420,000 

1 


,1,940,000 ! 

1 1 


inch-lbs. 


88 


fc^»«^ ^m,,,,. 


z 4 = 


4-3 


12-5 


1 30-7 


i 116 % |inches. 3 


39 


*"~S ;..'[_j4r-— 


/»= 


1,450 

i 


13,500 


18,700 

i 


, 16,700 

1 i 


lbs. per sq. in. 


41 


2. Crank webs, side- 


M»= 


i 3,880 


107,000 


264,000 


i i 
1,200,000 ' 


inch-lbs. 


42 


shaft side 


z 6 = 


366 


10 


24-8 


i 106 ; 


inches. 3 


43 


f\ 


rn i 


/»= 


10,600 


10,700 


10,650 


1 11,300 'lbs. per sq. in. 

1 i i 


44 


• ii 


* i !/^ — 

1 • H 


/c = 


690 


780 


800 


«wU ii ii 

i 1 


45 


—•it!. 




/= 


11,290 


11,480 


11,450 


12,280 1 i ,i ii 

i 1 








• Compar 


e note, p. 8< 


3. 












t Compar 


e footnote, ; 


?. 94. 









X Crank pin, 10| inches diameter. 
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c 

o 
*** 

■♦» 

& 

a 

o 

£ 



47 

48 
49 
50 
51 



55 
56 
57 



Crank shaft with 
2 bearings, 
1 flywheel. 



Crank shaft with 
3 bearings, 
1 flywheel. 



■•rU-l ;W ^i [I m 



Cyl. diam. and stroke of 
engine. 



8f" 
5 



3. Crank webs, fly- 
wheel side 



in 



ll 



r» 



}m 6 

z 6 

h 

fe 
f 



4,000 

0-366 

10,800 

690 

11,490 



10 J" 
13| 



780 
11,580 



4. Main Bearings. 




?..%» • • ■* ' 



U b = 
Z 6 = 



2,220 
4*2 
530 



T77ierc greatest turning moment 
occurs — 



60 
61 
62 
63 
64 
65 
66 

68 

69 
70 
71 
72 
72 
73 
75 
76 
77 
78 
79 
79 
80 



1 1. Crank pin. 



1 




M & 

M, 

Z 6 

Ze 

/• 

'; 



I. Crank webs, side \m 
shaft side J M 

M< 



6 — 



— i|i i 






z ft 

Z, 

\ 

M 6 

M, 

Z 6 

Z, 



3,440 

1,260 

4-2 

8-4 
820 
150 
852 



1,830 

1,260 
0-866 
0-488 
5,000 
2,580 
6,420 
853 
1,260 
0-8 
107 
1,067 
1,180 
2,090 



3,1000 
12-3 
2,520 



112,000 
42,500 
12-3 
24-6 
9,100 
1,730 
9,500 



14" 
20 



108,000 268,000 

10 24-8 

10,800 10,800 



800 
11,600 



Zero* 

26-9 

Zero* 



826,000 

137,500 

30-2 

60*4 

10,450 

2,280 

11,070 



24" 
28 



56,350 


158,000 


43,200 


127,000 


100 


24-9 ' 


13-3 


88-2 


5,685 


6,150 


8,260 


8,830 


7,570 


8,530 


27,000 


91,000 


43,250 


127,000 


20-7 


50-8 


27-2 


67 


1,805 


1,800 


1,590 


1,900 


2,690 


8,886 



1,205,000 | 

106 | 
11,400 ! 

980 
12,380 



Zero* 

87-5 

Zero* 



1,315,000 

566,000 

llSf 

226 

11,600 

2,500 

12,260 I 



580,000 

580,000 

106 

141-3 

5,470 

4,100 

8,310 

357,000 

580,000 

188 

251 

1,890 

2,810 

3,960 



in.-lbs. 

inB. 3 
lbs. per sq. in. 



»» 



»» 



1 in. -lbs. 
I ins.* 
lbs. per sq. in. 



in.-lbs. 



>» 



ins/ 



»» 
lbs. per sq. in. 



»» 



»» 



in.-lbs. 



II 

ins.' 

»» 
lbs. per sq. in. 

»» »» 

»» >» 
in.-lbs. 

»> 
ins.* 

>» 
lbs. per sq. in. 



»» 



i> 



* Compare footnote, p. 94. 



f At 10£ inches diameter. 
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O 

flS 

I 

fa 



82 

83 
84 
85 
86 
86 
87 
89 
90 
91 
92 
98 
98 
94 



Crank shaft with 
2 bearings, 
1 flywheel. 



Crank shaft with 
3 bearings, 
1 flywheel. 



~n«Jl i«£wJU» 



I _ - 



Cyl. diam. and stroke 
of engine. 



3. Crank webs, fly- \ „ 
wheel side. ) m 

M> 
Z 
Zt 

U 

'; 

M* 
Zb = 
Zt = 

/* = 



8|" 
5 



10J' 
18) 



= ! -1860 -51,100 







-580 
0-866 
0*488 
8720 
1190 
4160 
2889 
-580 
0-8 
107 
8620 
-542 
3710 



-88,700 
10 
18-8 
5,110 
2,530 
6,460 
81,580 

-38,700 
20-7 
27-2 
3,940 

-1,240 
4,400 



4. Main bearings. 




t\z 



MMMV 



ID 






98-105 
99 
100 
101 
102 
102 
103 



M» = 
Mr = 
Z» = 
Zt = 



2220 

3670 

4-2 

8-4 
580 
438 
850 



81,000 
101,000 
12-3 
24*6 
2,520 
4,100 
7,900 



5. In the swell for the flywheel. 



^fr-n 



a 



II •'! 



14" 
20 



24" 
28 



-153,500 -701,000 



-127,000 
24-8 
38*2 
6,200 
3,820 
8,470 
280,200 
-127,000 
50-8 
67 
4,780 
1,895 
5,590 



-582,000 

106 

141 

6,570 

4,150 

9,180 

938,800 

-582,000 

188 

251 

4,970 

2,320 

6,150 



Zero* 

275,000 

26-9 

58-8 

Zero* 
5,110 
5,110 * 



Zero* 

1,128,000 

87-5 

175 
Zero* 
6,450 
6,450* 



106 
107 
108 
109 
110 
110 
111 



M fe 

z, 

f- 



ft = 



1885 

2-1 

875 
875 



it rSTTD 



50,500 
432 

1,170 
1,170 



108,400 

187,500 

48 

96 

2,270 

1,480 

8,170 



in. -lbs. 

»t 
ins. 3 

*i 

lbs. per sq. in. 
»» »» 

»» n 

in.-lbs. 

»f 
ins. 3 

ti 
lbs. per sq. in. 



ii 



ii 

ii 



in.-lbs. 

ii 
ins. 3 

ii 
lbs. per sq. in. 



ii 

ii 



ii 



595,000 > 


in.-lbs. 


565,000 | 


ii 


152 . 


ins. 3 


800 1 


ii 


8,920 I 


lbs. per sq. in. 


1,860 


ii ii 


4,570 , 


ii i» 



* Compare footnote, p. 94. 
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a 
o 

• l-H 

I 
o 

a 
a 



114 
118 
115 
116 
117 
117 
118 



Cyl. diam. and stroke of 
engine. 



Crank shaft with 

2 hearings, 1 

flywheel. 




Crank shaft with 

3 hearings, 1 

flywheel. 



•hHU-Q-* 



5" 



10j" 
18|" 



14" 
20" 



24" 
28" 



6. Part where the main hearing joins 
the orank wehs. Flywheel side. 



spm 



(J 



ii . .i 



£ 



rr 



Me 

Z» 
Z« 

/• 
t* 

f 



3,420 
3,670 
4-2 
8-4 
815 
437 
1,064 



86,000 
101,000 
12-3 
24-6 
7,000 
4,100 
9,460 



145,000 
275,000 
269 
58-8 
5,400 
5,100 
9,500 



H3D 

; 894,000 
1 1,128,000 

87-5 
I 1750 
8,000 
6,450 
12,660 



in.-lhs. 

>} 
ins.* 

ii 
lhs.per8q.in. 



i> 



ii 
ii 



To show more clearly the results as worked out for the crank shafts of four different 
sizes of engine, the stresses only are tabulated in Table VII. The part where greatest 
danger from stress may be apprehended appears in the larger engines to be the crank pin. 



Table VII. — Summary of the Stresses on the Crank Shaft, for Two Positions of 
the Crank, in Six Different Places. 



Fig. 51. Qf~ 





—5-.-.1- 




9 



Fig. 52. 



Size of 
engine. 



06 H.P. 

17 

42 
182 



ii 
ii 
ii 



Cross-section ' 
1. 




VI. 



/= 1,450 
/=13,500 
/=13,700 
/=16,700 



852 . 11,290 6420 

9,500 11,880,7570 

11,070 11,4508580 

12,260 12,280 8310 



2090 
2690 
3886 
2960 



11,490 
11,580 
11,600 
12,330 



4160 
6460 
8470 
9180 



8710 
4400 
5590 
6150 



530 
2520 
Zero* 
Zero* 



34° 



875 
1170 
3170 



1,064 lbs. per sq . in. 

9,460 

9,500 



470012,660 



ii 
ii 
ii 



ii 
ii 
ii 



* According to Ensslin's method, the stresses due to bending 
can also be determined in crank shafts with three bearings (Fig. 82, 
p. 82). These may be stated approximately in the same way as 
the stresses due to twisting ft (equation 102), and the combined 
stress / = 1*7 ft. 



Thus, 
Column IV. 

of above 

table should 

read — 



Dead 
point. 


34° 


580 
2520 
5110 
6450 


850 

7,000 

8,700 

11,000 



> 



CRANK SHAFT — OVERHEATING THE BEARINGS. 
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In Table VII. the figures printed in Hack type are always the determining factors for 
the stresses. This summary clearly shows that — 

For sections 1, 2, and 3, i.e. the crank pin and crank webs (Figs. 51, 52), we must 
calculate the stresses, in the engines here considered, from the crank at the dead centre, 
and for sections 4, 5 (i.e. the swell for the flywheel) and 6, from the crank when in the 
position where the greatest turning moment occurs (a = 34°, see p. 84). For sections 
5 and 6 the dead-centre stresses need not be taken into account at all. 

Multiple cranked shafts are only built for special purposes, and to calculate their 
dimensions and stresses would be outside the scope of this work. 



Overheating the Bearings. 

The smaller the changes produced by the stresses along the axis of the crank shaft, 
the less risk will there be of accident or fracture, and the less the tendency of the bearings 
to become overheated. 

Let us first consider a vertical four-cycle engine (Fig. 53), because in this type the load 
on the piston and weight of the flywheel are exerted in the same direction. The results 
yielded by calculation of vertical, can also in general be applied to horizontal engines. 






Fig. 58. 



Fig. 54. 



Fig. 55. 



The pressure transmitted from the piston to the crank through the connecting rod, 
which reaches its maximum at the dead centre, seeks to distort the axis of the crank in 
the direction shown in Figs. 54 and 55. 

The weight of the flywheel also produces a deformation of the crank shaft, and the 
brass only touches the shaft at the points a a (see Fig. 55, in which the effect is purposely 
exaggerated). 

The result is local friction, and hence overheating of the bearings. 

The so-called " limit of elasticity " is marked by the thick line — — in Fig. 54. 
The angles fa and fa of the main bearing on the flywheel side, and ft and ft of the 
bearing on the side shaft side, all of which have to be considered, vary for each position 
of the piston. These angles can be determined by calculation. (See on this subject 
Ensslin : " Multiple Cranked Shafts," pp. 84-90.) [Ensslin : " Mehrfach gelagerte Kurbel- 
wellen."] 
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As <£ is relatively small, we may write : angle of inclination ^ = tan <f> in circular 
measure. 

Ensslin has calculated the crank shaft of a 100 H.P. gas engine. From the results 
he has arrived at the conclusion may be drawn that, for crank shafts of gas engines with 
three bearings, in which the stress due to bending is 10,000 to 11,500 lbs. per sq. inch, 
the utmost deflection permissible within the limits of elasticity should be — 



3 



<£i = <^2 = To£oo » & l = Too3 5 P* = ToBoft 

These are the allowable ratios in circular measure, and therefore approximately = tan 
of the angle. 

In Fig. 54 the angle <f> marks the deviation from the horizontal induced by the 

bending stress. 

A glance at it shows the inaccuracy of the usual method of calculation, according to 
which the bending moment of the crank shaft at A 2 in the centre of the main bearing 
(Fig. 56) should be equal to zero. 

This method has, however, been retained here, as Ensslin's process of calculation is 
somewhat complicated and lengthy, but the latter should always be used for large 



engmes. 









Pig. 58. 



Fig. 56. 





Pig. 59. 

Large Diameter, 
Short Length. 



Fig. 60. 

Small Diameter, 
Long Length. 



The longer the bearing, the greater is the deflection of the journal within it (Figs. 

57, 58), and the less of its area takes the bearing stress. This is illustrated in Figs. 57- 

60. The conclusion may be drawn that — 

The crank pin should be as large in diameter as possible, to withstand the \ 

bending stress > (120) 

The crank pin should be as short as possible, to reduce tan <£ ' 

F = the friction in the bearing as expressed by the product q x v* x p. A&v increases 

with the diameter of the crank pin, the rule for crank shafts has hitherto been that the — 

Diameter of the crank pin should be as small as possible, to reduce the radius of friction 
Length of crank pin should be as great as possible, to reduce the pressure per unit of (121) 
bearing Burface J 

These two rules, 120 and 121, contradict each other. 

The length of the bearing should therefore depend, not on its diameter, but upon the 
pressure on the piston, and therefore on the diameter of the cylinder. 

* q = pressure on area of bearing (in lbs. per sq. inch) ; v = circumferential velocity of the 
crank pin ; n = coefficient of friction = 0*05 (see p. 98). 



OVERHEATING THE BEARINGS. 



97 



Strength and Overheating of the Bearings. 

To test the strength of the journals, etc., does not in itself afford sufficient data for 
determining finally the dimensions of the crank shaft. Both the crank pin and the 
journals should be tested for the pressure on the bearing surface q and the product 
q x v y for upon this depends the permissible friction in the journals. 

The effect of the tension of the belt is very small, and may be neglected. (See the 
Author's " Steam Engines/ 9 7th Edition, pp. 48 et seq.) 

Sn steam engines, it has hitherto been usual to base the calculations on the admission pressure 
hough the amount of friction, upon which overheating mainly depends, is chiefly determined 
y the mean pressure, p m , above atmosphere.) 



* 



Tn any case the pressure on the bearing surfaces q cannot be determined from the 
pressure of explosion because, except in the case of double-acting two-cycle gas engines, 
strokes continually occur during which there is no pressure on the crank pin. 

We have therefore to consider — 



1. How many strokes intervene between two consecutive working strokes ? 

2. In what sequence do the working strokes follow each other ? (On this point see the developed 
diagrams, pp. 16 and 17.) 

3. In how many cylinders do the pistons work upon the same crank ? 

In a four-cycle engine we must take count of the inertia curve for the admission and 
exhaust (1st and I Vth strokes), the different areas must be planimetered, and the arithme- 
tical mean calculated from them. For instance, in a single-acting four-cycle engine with 
an explosion pressure of 370 lbs. (diagram, Fig. 3, p. 36), we have — 

1* Stroke Admission pi = 7 lbs. per sq. inch. 
II nd ,, Compression p n = 24 ,, 
III rd ,, Expansion p IH = 110 „ 
IV th f , Exhaust p ir = 7 „ 



»» 
>» 
»» 



Total = 148 



?> 



>> 



or, pressure per stroke^,. = ^ = 37 lbs. per sq. inch. 

The figures in Table VIII. have been calculated in this way. Note further that in a 
double-acting two-cycle gas engine p r = p, 



'm« 



Table TIIL — Values of p r calculated for a Single Crank-pin Bearing. 



For meaning of symbols of gas engines, see p. 3. 



Single-acting four-cycle. 



-. ' » 



H 



o 



p r = lbs. \ 
per sq. in. J 



37 57 



m 

S3 



87 i 67 






57 



Doable-acting 
four-cycle. 



57 



S3 



57 






85 



N 



85 



Double-acting 
two-cycle. 



Q 

■ 

5 



85 






55 



a 



Q 

55 



48 



Steam engines. 







• 






a 




. 


o 


• 

a 

•8 
9 


1 

a 


s » 

H 


H 


6 


% n i 


34 




i 


17 


ii 

i 



a 
o 



I* 



Ma 



20 



w 
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In general — 




GAS ENGINES. 



p denotes explosion pressure in lbs. per sq. inch. 

p r „ mean pressure for a given stroke in lbs. per sq. inch (see 

Table VIIL). 

A „ sectional area of cylinder in sq. inches (in steam engines area 

of low-pressure cylinder). 

p x A „ maximum pressure on piston in lbs. 

p r x A „ mean „ „ „ 

d denotes diameter, b t = length of a given bearing in inches. 

d x w x ft 
v = -jjr — — circumferential velocity of the journal or pin in feet per second (122) 

W denotes weight of the flywheel in lbs. 

g, L, and V are determined from p. 83. 

9max. denotes greatest pressure on surface of bearing in lbs. per square inch, worked out from p x A. 

Q # w mean „ „ „ „ „ „ „ p r x A. 

F = friction work = q x v x 0*05 ft.-lbs. per second per sq. inch of bearing (coefficient of 

friction = 0-05) (123) 



Table IX. — Values of q and q x v for Gas Engines. 



Bearing pressure per sq. in. 
load on bearing 



Crank Pin. 



Main Bearings. 



area of bearing "" 3ma5L ~~d . b 



Approximately — 

p being =370 lbs. per sq. m.\ 
and a :L =0-5 J, 



" d.b 



p.A.^ + V, 

576 

Crank shaft with — 



2 max. 



, 2 bearings. 
!l85A+l-5W 



dxb 



3 bearings. 
186A+0-6W 



1V.A.J + V, 

2 = T7T- 

Crank shaft with — 



dxb 



We ought to have — ; gma*. <1500 F < 60-6 gw ^ 570 lbs. per sq. in. 



2 bearings. 
0-5prA+l-5W 



dxb 



3 bearings. 
O-DjyA+O-eW 



dxb 



F=<70 



Example 1.— In a 132 HP engiue, E 4, 1 cylinder (with 3 bearings), D = 24" ; A = 452 
sq. inches; n = 150; ignition pressure p = 370 lbs. per sq. inch (see p. 24). From Table VIIL, 
p r = 37 lbs. per sq. inch ; from p. 24, if 3 = ^, then weight of flywheel W = 38,400 lbs. 

Crank Pin. Main Bearings. 

From Table II., d = 10J" ; b = 10J". From Table II., d = 9f" ; b m 18|". 

According to the approximate values given in Table IX. 



870x452 1flnAl , 

2maJL = lof ' x lof ' = per 8q * m ' 

87x452 
2 = io |^ x 101" = p6r 8q ' m ' 

From equation 122 — 

v = 10 * * it X 150 = feet geoond 
12 x 60 r 

From equation 128 — 
F = 160 x 6 # 7 X 0-05 = 58-6 ft.-lbs. per second 



2 max. — 



185x452+0*6x38,400 



9J" x 181" 



_ 0-5 x 87 x 452 + 0- 6 x 88,400 (173 ft.-lbs . 
3 ~ 9|" x 18J 

9 ft " X ir x 150 



— = 590 lbs. per sq. in. 

*00 = |173 ft.-lbs. 
(per sq. in. 



v = 



12x60 



- = 6*8 feet per second 



F = 173 x 6-3 x 0-05 = 54*4 ft.-lbs. per seoond 
Thus the values for 2 max. and F do not exceed the limits laid down in Table IX. 
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Example 2.— In a 600 HP double acting two-cycle engine, Koert. D 2, 1 cyl., with 3 bearings, 
let A = 493 soinchee ; n = 100, and W = 26,500 lbs. Table VIII. gives us p r = 85 lbs. per sq. inch, 
and by Table IX. — 



Crank Pin. 
d = 12$" dia., b = 14g" long 

370x498 1ftnrtl , . , . 

ffuiax. = i24"x i4|f = 100 ° 11}B - P er 8< 1- in - (app f ox.) 

85 x 493 OQO ., 
2 = 12j"x~i4J = 288 lbs ' veT **' ln * 

12$ x ir x 100 ' ,. 
v = — J T rt — a« - = 5*45 ft. per sec. 
12 x 60 r 

F = 233 x 5*45 x 0*05 = 68*25 ft.-lbs. per sec. 



Main Bearing (flywheel aide), 
d = 12J dia., b = 20J" long 

185x498+0-6x26,500 J1A ., 
2nMU = 12$" x 2 0T — = lbs. per sq. in. 

0-5 x 86 x 498 + 0-6 x 26,500 ,., „ 

2 = T2F-xW — " " ""**« 

12$" x ir X 100 KAKt4 , 
v = - - — — = 5*45 ft. per sec. 
12 x 60 *^ 

F = 141 x 5-45 X 005 = 38-5 ft.-lbs. per sec. 



Thus the effect of the weight of the flywheel on the main bearing in the first example 
is 0*73, in the second 0*43 of the value of q. 

In the bearing on the side-shaft side, which is generally of the same dimensions as 
the main bearing, q is less, as the effect of the weight of the flywheel is nil. For the 
example given above q = 84 lbs. per sq. inch. 

For the out-end bearing only part of the weight of the flywheel need be taken into 
account, and the pressure on this bearing is approximately = 0*5 X W. For this reason 
the out-end bearing is generally made somewhat smaller (f ) than the main bearing. 

If the same method be used for calculating a steam engine, and the effect of the weight of the 
flywheel be allowed for, the values given in Table X. are obtained for a 300 HP engine. The 
figures are taken from Haeder " Steam Engines," 7th Edition. 

Table X.— Values of q and F for a 300 HP Steam Engine. 



Type. Crank Pin. , Main Bearing. 

Single cylinder i gnu*. = 1065 ; q = 410 lbs. per sq. in., qm,^ = 380 ; q = 114 + 43 = 157 lbs. per sq. in., 

F = 57*5 ft.-lbs./sec. ' F = 26-6 ft.-lbs./sec. 

Compound . . „ = 1050 ; q = 455 „ „ „ = 330 ; q = 114 + 57 = 171 „ „ 

F = 55 ft.-lbs./sec. F = 26*6 ft.-lbs./sec. 

Tandem. . . „ =1149; q = 500 „ „ „ = 380; q = 147 + 57 = 204 „ „ 

F = 60-6 ft.-lbs./sec. F = 80-8 ft.-lbs./sec. 



Since the differences in working out these calculations for both classes of engines are very slight, 
it seems desirable to adopt p r instead of p as a uniform basis of calculation for steam as well as for 
gas engines. 
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Section II. The Main Bearings of a Gas Engine. 

Smaller engines are usually built with two bearings only, and as, in order to keep 
the crank shaft as light as possible, these bearings are 
placed close against the crank webs, the design of the 
main bearings should be very carefully considered. 
The types in most general use are — 

Adjustable bearings with horizontal cap (or keep), 
Pio.63. Fia. 63. or inclined towards the centre (Figs. 62, 63). 

Self-lubricating bearings with one or two loose oiling rings (Fig. 64, 65). 
Self-lubricating bearings, with fixed oiling ring and wiper (Figs. 66, 67). 




Fiob. 64, 6fi.— Loose Ring. Pics. 66, 67.— Fixed Ring (Wiilfel). 

The oiling ring R (Figs. 64, 65), is rotated with the crank shaft, dips into the 
reservoir 0, and delivers oil to the bearing 
above. 

In Figs. 66, 67, the oil on the surface of the 
fixed ring R on the shaft, is deflected by the wiper 
plate B into the pockets A (cast in the top of the 
bearing brass), and flows from thence to the shaft, 
through the holes r. 

It has sometimes been found that bearings fitted 
with two oiling rings have ft tendency, after the engine 
lias been working some time, to mn hot in the middle 
I of the journal, i.e. in the part between the two rings. 
EnginecrH are not yet agreed as to the causes of this 
phenomenon. Some think that the oil flowing out of the 
lubricating rings draws out the rest of the oil by suction 
to the ends of the bearings, thus leaving the port of the 
journal between the rings dry. 

Others are of opinion that, where there are two 
lubricating rings, the oil between them, as shown at 
Fig. 68, is driven inwards, and can neither escape nor 
Fio. 68.— Two Loose Rinp. be replenished. 



Pre. 69.— 
Main Bearing with 

Lubricating Ring. 



MAIN BEARINGS. 

In either case, to get 
over the difficulty, a email 
hole should be drilled in 
the bottom brass, midway 
between the ringa (a, Fig. 
68), through which the 
oil escapes from the 
middle of the journal. 

Upon this subject see 
apaper in Haeder's" Zeit- 
Bchrift," 1901, . p. 197. 
Mention is there made of 
a method of lubricating 
die crank-shaft bearings 
of a steam engine by 
means of two loose oiling 
rings (Fig. 69), which did 
not fulfil its object, and 
the bearings frequently 
ran hot. 

To remedy the evil, two 
fised rings were fitted on 
the shaft, and brasses of 
the Wiilfel type put in i 
(Fig. 70), after which the 
bearing ran smoothly. 

In other cases, however, 
loose rings have been found quite 
satisfactory. 

The remarks in the anther's 
book "Rons truirenundRechnen," 
3rd Edition, in the chapters on 
" Main Bearings " and " Trans- 
mission" should also be noted. 
Four part bearings with 
wedge (see Fig. 71), or set 
screw adjustment (see Fig. 
72), similar to those custom- 
ary in steam engine prac- 
tice, are not used in medium 
sized and small gas engines. 
Where wedges are fitted, 
they are usually adjusted at 

the back, and care is taken fig. Ti. ■- Via - " 2 - 

not to put them in the front, . 

where the pressure due to 
explosion comes upon the 
bearing. 

Ruloa for constructing Crank-shaft Bearings.* 
1. The brasses should have as much external bearing surface as possible in the housing 
(Fig. 73). If they are made with narrow bearing strips, as shown in Fig. 74, the brass 
* See also p. 106. 



Fia. 70.— Lubricating Ring with Wiper (WuHel System). 
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Fig. 78. 



Fig. 74. 





Fig. 75. 



Fig. 76. 



Fig. 77. 



Fig. 78. 



soon works loose in the housing because, owing to the great pressure on the bearing, and 
especially the shock due to the high explosion pressure, the metal of the brass becomes 

impressed into that of the housing (see "Die 
kranke Dampfmaschine," 8 Ed. p. 109). 

2. It is easy to prevent the brasses turning round 
in the housing, by steady pins in the side flange 
(Fig. 75), or in the middle of the brass, Fig. 76 (see 
Table XL, Figs. 83-88). 

3. If the brass is of bronze, it should have a 
narrow facing on the flange (Fig. 78), which makes 
it easier to fit into position than when there is a 
wide flange, as in Fig. 77. 

4. The dove-tailing of the white metal lining of 
the bearing should be conical (Fig. 79), that it may 
not be forced out sideways by the pressure on it. 

5. If the white metal projects from ^ inch to 
\ inch as at £, Fig. 79, and the crank web or oil 
fender ring presses against it (Fig. 81), the white 
metal is easily forced out and broken up, and the side 
play of the shaft rapidly increases, and causes uneasy 
running of the engine. It seems, therefore, better 
to design the bearing as at Fig. 80, and not to allow 
the white metal to project ; V should be about f inch 
or T \ inch. 

6. The grooves for the oil should be shown on the 
drawing and not left to the caprice of the workman. 

Design and dimensions are given in Table XI., 
Figs. 82-88. 

Table XL— Oil Grooves and Check Screws. 

Dimensions in inches. 




Fig. 79. 



Fig. 80. 




Fig. 81. 
Top halves of Brass. 




Diameter of bearing = 


2 ins. to 

Sflna. 

1 


4 ins. to 
S( ins. 


5|iDB.tO 

7| ins. 


7* ins. to 
lit ins. 

ins. 


ll| ins. to 
15* ins. 




ins. 


ins. 


ins. 


ins. 


Width . . b = 

Depth . . t = 

Distance from \ _ 

end . . y ~" 


ft 

ft 
ft 


i 
A 


t 

1 


ift 


I 

ft 

ift 


Diam. of check) _ 
screw . . y ~~ 


1 


i 


t 


f 


i 



Table XIa. — Oil Grooves and Check Screws. 

Dimensions in millimetres. 



Diameter of bearing. 



! SO to 
95. 



Bottom halves of Brass. 

Figs. 82-88.— Oil Grooves. 
L, holes for steady pins to hold the brass in 

position. 



Width .... 6 
Depth . . . . t 
Distance from end) 

of brass . . . / e 
Diam. of cheeky 

screw . . . . J s 



5 

2 

8 
10 



100 to 150 to 



146. 



6 

3 

12 

13 



195. 

7 
3 

20 
16 



200 to ' 300 to 



295. 



400. 



8 
4 

30 
16 



10 
5 

40 
20 
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103 



7. To prevent waste of the oil running out on either side of 
the journal, and thrown off from the oil fender ring, it is caught 
in small trough*, F, and returned through the openings r into 
the oil reservoir below. 




ff"? 

Fig. 89. 



Table XII.— Oil Guard for Crank-shaft Bearing (Figs. 90, 91). 







Dimensions in millimetres. 



Diameter of bearing. 


a 


b 


c 


e 
5 


/ 


9 


A 


£ 


100 to 145 


10 


27 


10 


8 


11 


80 


10 


160 „ 195 


12 


83 


12 


6 


10 


14 


40 


13 


200 „ 295 


15 


42 


15 


8 


13 


17 


60 


16 


800 „ 400 


20 


50 


20 


10 


16 


20 


80 


20 



Dimensions in inches. 



Diameter of bearing. 



Ins. 




1 • 
1 


b 
ins. 

ift 


ins. 

1 
t 



ins. 



ins. 

ft 



f 



f 


a 

ins. 


h 


ins. 


ins. 


t 


ft 


ift 




ift 




Ia 


22 


* 


» 


4 



Ins, 



The countersunk-headed screws s for securing the oil guards to the bearing must be so 
arranged that they do not penetrate the cap (see Figs. 90, 91), otherwise it would be im- 
possible to remove the bearing cap without first taking out these screws. A sound joint 
should be made between the lower faces of the guard, as oil readily leaks through a bad joint. 



104 



GA8 ENGINES. 




Fig. 92. 



8. The cap should only fit the bearing closely at two places, say at b f b (Fig. 92), and 
be clear of it at a, a, otherwise it is difficult to loosen and remove it. If the cap is large, 

it is easier to lift if two eyebolts, 0, (Fig. 92), are fitted in it. 

9. The cap is not often shaped as at Fig. 93, but usually as at 
Figs. 94, 95. The sharper curve in Fig. 95 looks better and stronger 
than the simple rounded outline at Fig. 94. 

In many cases the whole top of the cap is shaped like a parabola. To 
arch the middle of the cap as much as possible, as in Figs. 105-112, p. 107, 
gives a pleasing effect. 

10. In the same way, to make the bearing and side 
frame taper from the plinth to the top, as in Fig. 96, 

- has a neat and good appearance. 

11. The cross section of the oiling ring of the crank- 
shaft bearing should not be rectangular (Fig. 97), 

otherwise it may stick at the sides, but either semi-circular (Fig. 98), or preferably 
trapezium-shaped (Fig. 99). When the shaft is rotating rapidly, the ring swings out of the 
perpendicular (Fig. 101). When in this position, it should be well clear of the housing 
and bearing ; if it touched anywhere, the ring would not rotate with the shaft. 




Figs. 98, 



94, 



95. 



CL 



Figs. 96, 



%?4 

m 






1 

■ 

1 
j 




1 
1 
1 




\ 
\ 





97, 



98, 



99, 



100, 



101, 



102. 



It is advisable to make the oiling ring in two parts, as at Fig. 102, otherwise it cannot be easily 
removed when the engine is erected or dismantled. The two parts are dove-tailed one into the 
other at the joint, and held together by a small grub screw $ (Fig. 102). 

12. The lids over (he oil boxes in the main bearing cap should be hinged on to the 
cap and of a neat pattern, and should have a projecting lip N (Figs. 103, 104) by which 
to lift them. 

Table XIII.— Oil-box Lids (Figs. 108, 104). 

Dimensions in millimetres. 




d 


a 

4 
6 
8 


b 

6 

8 
10 


1 

12 1 

16 

20 


e ■ 


20-40 
41-70 
70-100 


4 
5 
6 



/ 


9 


10 


8 


12 


10 


15 


15 



Table XHIa.— Oil-box Lids (Figs. 108, 104). 

Dimensions in inches. 



Figs. 103, 104.— Oil-box Lids. 
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OAS ENGINES. 
Parts of a Crank-shaft Bearing with Two Oiling Rings. 



Main Bearing Brasses (see p. 107). 




S, S, S, Top brasses) , „ , , , 

S t Bottom bc ftBB I 8Be boitam oI tet page, 
r Slots for oiling rings. 
M Steady pins for holes m. 

: Opening in bottom brass, to allow the oil to 
circulate. 



Main Bearing Cap or Keep (p. 107). 



A Gap or keep. 

rr Slots for oiling rings. 
B Cap studs for holes b. 



Housing of Bearing (p. 107). 

b Holes for cap studs B. 
rr Slots for oiling rings. 
n Opening to allow the oil to pass from the oil guard 

to the reservoir (sea Pig. 89, p. 103). 
c Facing for oil guard. 
h Tapped holes for studs fastening the oil guard to 

the bearing. 
z Opening to allow the oil to circulate. 



Oiling Rings (p. 107). 

B, R, Halves of oiling rings. 
K Grub screw, to hold them 
together. 



Oil Guard (Table XII., p. 103). 

H, Upper, H, lower half of 

ring, 
G Small screws fitting holes g. 



Pigs. 120, 121, 122. 



Hinged Oil-box Lids {Table XIII., p. 104). 
To cover the oil boxes on the cap, 
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Section III. Frame and Cylinder. 

Frame. 

Gas engines, as already mentioned, are almost exclusively made with cranked shafts 
(£«. not overhung crank pins). Figs. 123-125 show a usual type for engines up to 
about 18 inches stroke. 



For frames with overhung 
cylinders (Fig. 123) the same 
rule holds good as for steam 
engines, and they are only 
used for small gas engines, 
because of the vibration and 
bending strain upon the cylin- 
der. In larger engines they 
should be avoided, and the 
frame should support the 
cylinder throughout its length 
(Fig. 126). 

R Frame. 

E Liner. 

L Gap for bearing. 

M Water jacket cast with 
frame. 

N Boas for oil-splasher 
guard (Fig. 141). 

S Facing for side-shaft 
bracket, and oil- 
splasher guard pro- 
tecting the side-shaft 
worm gear. 

G Boss for cock for cooling 
water to jacket. 

W Boss for cock for cool- 
ing water passing 
from breech end to 
water jacket. 

W, Cooling water outlet. 

Boss for piston lubri- 
cator. 




Fios. 123-125.— Frame and Cylinder for Engines up 

to 18-inch Stroke. 




Fig. 126.— Frame and Cylinder for Engines above 

20-inch Stroke. 



Many makers build the frame as shown at Fig. 
127, but the object of enclosing the crank in the 
casing W is not very apparent. This type of 
construction, originally adopted only for small 
power engines, has now been applied to larger 
sizes. 




Fig. 127. 




1-0 GAS ENGINES. 

Rules for Constructing the Frame/ 
1. The side of a frame, i.e. the part between the body of the main bearing and the 
hood of the frame, should be carried up as high as 
possible. For large engines the arrangement shown at 
Fig. 128 is not desirable ; the heavy bending stresses 
coming on the side of tbe frame are more easily taken 
if the engine is built as at Fig. 120. 

The part marked a should be as high, and the 
part marked g as shallow as possible. 
If this rule be followed, the crank pit in engines of 30 HP and upwards will extend 
to the depth, c, below the bed 
plate. 

2. Attention most also be paid 
to the lines of the frame, and to 
make them pleasing to Ike eye they 
should, as far as possible, be para- 
Fig.129. Fio.130. folic, M f 0r ingtance the lower 

:s a a, and the curve at the side, b, of the frame. 



Fia. 128. 





Flo. 131 (wrong). Fig. 132 (right). 

Table XV.— Holding; down Bolts. 
*n millimetres. 
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Table XVa.— Bolts to hold down the Frame, and 

Corresponding Holes (Fig. 133). 

Dimensions in inches. 



SUoltoof 
engine. 


li IBL 


M Ine. i at in* 

if it 


Kim. 


Ml,,., ,0 b,,. 


*« In,. 


d = 
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i 1 2) 
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3A 1 H 
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I' 



S. Good material should be used 
for the frame, and care taken that 
the diminution in the thickness of 
the walls is made gradually, not 
suddenly. All sharp corners roust 
be avoided. These rules apply speci- 
ally to engines of more titan 20" 
stroke. 

4. It is advisable to carry the 
metal surrounding the lugs for the 
bolts of the frame down to the bed 
plate, as shown at Fig. 132, to avoid 
the stresses due to bending which 
may otherwise be set up in the frame 

s here of 
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when these bolts are suddenly tightened np. To tighten them two or three men are 
often required, who use a piece of gas pipe, from 4 to 6 feet long, on the spanner. 

In order not to expose the washers, the diameter of the holes may be rather smaller 
at the top than at the bottom. 

5. The frame should have a fairly large surface in contact with the 

foundation, and be made as at Fig. 135, and not as at Fig. 134, although 

the part at the foot of the frame does not add much to its strength. 

For this reason the metal at a, Fig. 135, should not be made too 

thick. Figs. 184, 185. 

6. An arrangement should be made to drain 
off the lubricating oil collecting in the crank pit 
through a small pipe (Fig. 137). The oil from 
the piston and piston rod should be caught in 
a separate drip tray B, and discharged, preferably 
through a cock at the side. 

7. To prevent the lubricating oil from leak- PlG8 ' 186 ' 137 ' 

ing through to ths foundation, gutters (Fig. 138) should be provided round the bed plate. 

8. A facing should be cast on the side of the frame, on to which the 
side-shaft brackets and worm-gear guard can be bolted (see Fig. 139). For 
medium sized and larger engines a second facing, S, Fig. 140, is needed to take 
a second bracket for the side shaft, if one is required, and also, if necessary, for 
the oil pump and governor. Fig. 188. 

9. An oil-splasher guard is fitted over the crank, to prevent the lubricating oil being 







Fig. 139. Fig. 140.— Extended Frame. 

flung out from the crank pin. It should be of sheet iron, as light as possible, and easily 
removed. To afford convenient ^..c^ ^_ 

-—X — m 




Fig. 142. 



access to the crank shaft it is 
advisable to have the guard 
hinged, as at s, Fig. 141, that it 
may be raised into the position 
shown by the dotted lines. 

It has stiffeners at the sides, 
either riveted (Figs. 142-144), 
or rolled into it (Fig. 145). Since, 
as we have said, it should be 
extremely light, it is best to strengthen it with a beading rolled in it, as at Fig. 145, 
but this is only applicable to engines up to 20 inches stroke ; above that size separate 
stiffeners are necessary. 



Fig. 141. 



<®kz*7rfifa Fig. 143. 



Fig. 144. 



y^ Fig. 145. 
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Table XVL— Crank Splasher Guard (Figs. 146-148). 

Dimensions in millimetres. 






j& r g 



©-H) 



mb 



B 




Figs. 146-148.— Splasher Guard. 





Splasher guard. 


Bolts. 




Stroke. 


a 


b 
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/ 9 


i 


100-290 


0-5 


15 


10 


25 


20 


16 


4 


800-440 


0-75 


20 


12 


85 


24 


20 


5 


450-600 


1 


25 


15 


45 


28 


28 


6 




Dimensions in inches. 



Stroke. 



Fig. 149.— a; = 0-18 x Stroke. R to be 
determined later. 



ins. 

4-1H 

12-1 7 J 

17J-24" 



Splasher guard. 



Bolts. 



Ins. 



b 


C 


c 


ins. ins. 


Ins. 


ft I 


1 




ft 


13 




A 


i* 



/ 



ins - ins. ! ins. 

1 . # ft 

i 



The dimensions of B and h f Figs. 146-148, must be determined when designing the oil splasher 
guard in conjunction with the frame. 

In large gas engines the oil splasher guard cannot be made with a hinge, and to remove it 
easily it is fitted into two pockets, T, Fig. 149, cast in the sides of the frame. 

A slot U is left in it, to clear the connecting rod. 

The Cylinder. 

The liner and water jacket are either cast in one (Fig. 150), or made in two separate 
parts, at at Fig. 151. 

In small engines, in which there is no great pressure of water, the jacket is sometimes 
replaced by a sheet iron casing (Fig. 152), but in large engines the pressure of water in 
the jacket is as much as 14 to 20 lbs. per sq. inch (see chapter on " Water cooling "). 
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Fig. 150. — Jacket and Cylinder cast in one. 
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Fig. 151. — Water Jacket and Separate 
Cylinder Liner. 



Fig. 152. — Sheet-iron Casing in place 
of Water Jacket. 



The advantage of a separate liner is that specially good tough material, preferably 
close grained cast iron, can be used, and if the liner becomes worn, it can quickly be 
renewed or re-bored (see Fig. 151). 
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The cylinder is either bolted to the frame, Figs. 158, 154, or cast in one with it, 
Fig. 155. For securing the cylinder to the frame the bolts should be few in number, 
but as strong as possible. The bolts and studs in Figs. 153, 154 are calculated for a 



»7T 



pressure on the piston of D 2 -x 380 lbs. per sq. inch, and an allowable stress per section 
area at bottom of thread of 4200 to 5600 lbs. per sq. inch.* 
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Fig. 158. 

Cylinder and Jacket in one, 
bolted to Frame. Usual 
type for small engines. 



Fig. 154. 

Jacket bolted to Frame. 
Separate Cylinder Liner. 
Seldom made. 



Fig. 155. 

Jacket and Frame oast in 
one. Most usual and 
popular type. 



If there is a separate liner the jacket is generally cast in one with the frame (Fig. 155). 
To allow the liner to expand in conformity with the high temperatures developed, it should only 
be bolted at one eud (usually the back), and permitted to expand freely at the other. 

In many engines there is no special packing at a, Fig. 156, to prevent leakage from 
the water jacket. The jacket is heated up to 390° Fahr., then shrunk over the liner, 
which is turned about \ per cent, larger than the bore of the water jacket. Grooves 
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Fig. 156.— Without Fig. 157.— Stuffing Box Packing. Fig. 158. (Deutz.) Fig. 159. 

Packing. Packing of Rubber Rings. 

are often turned in the jacket and liner at a, which are supposed to check any leakage. 
In the packing shown at Figs. 157-159, allowance is made for the expansion of the liner. 

If the engine has a long stroke, it is not advisable to cast the cylinder and jacket in one, as at 
Fig. 150, because of the unequal expansion of the walls. Taking 20° C. = 68° F. as the tempera- 
ture of the jacket, and 100° C. = 212° F. as that of the cylinder liner, these figures represent a 
difference in temperature of 212° - 68° = 144° F. Thus— 

Length of cylinder 20" 30" 40" 60" 80" 

Corresponding expansion 0-017" 0-026" 0*035" 0-051" 00*69" 

* Translator's Note. — 5000 lbs. per sq. inch should not be exceeded, if possible. See Table of 
Bolts at end of book. 
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Table XVII. — Liner Joint Ring and Stuffing Box, for packing the Joint between 
the Liner and Jacket, in Larger Single-acting Four-cycle Engines. 







Dimension 


in millimetres 




n 


- 


1 ' 

- ! b 1 c , * | ' i ' 


| Stub. 


400 


a? 


1 1 ' 
36 . 46 48 i 14 : 14 ] 70 


75 1 16 8 


450 


Bfi 


40 | 48 . 50 ' 15 1 15 ' 80 


80 16 8 


500 




45 66 [ 53 ' 18 16 


HO 


85 20 9 


550 


41 


50 68 56 20 : 18 


ttfl 


90 1 20 10 




44 


54 60 1 60 


23 20 


lift 


95 20 : 12 




no 


60 1 64 66 


28 ' 24 


VM) 


105 20 14 


800 


f*i 


70 72 , 70 


30 25 


141) 


110 i 23 16 






82 74 1 78 


85 28 


160 


120 23 . 20 


1200 


tu 


95 1 82 85 


40 1 30 180 


ISO 26 24 




To pack (or stanch) the 

Joint between the Breech End and the Liner 
requires special care, as it is here that the highest pressures and temperatures are 
developed. 

The joint between the two can be made in various ways. 

A few methods are shown below. Scale 1 to 10. 




Fiq. 162.— (Niel Engine). Fig. 163.— (Deutz, 
Diam. of cyl. (350 mm.) 60HP). CyLdiam. 
13J" ; 8 lj" studs. 390 mm. = 16ft" ; 

10 1J" studs. 

The design of breech end shown at Fig. ICC has many good points; the walls 
W of the combustion chamber are quite free of the flange v on the outer shell, 
so that all strains set up in casting are avoided ; the disadvantage is that the liner 
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joint cannot be tightened after the engine has warmed up. For farther particulars 
Bee Part B. 




Pig. 164.— (Deutz, 60 HP). 

Warn, of oyl. (440 mm.) 17j" ; 

12 If studs. 

For this packing only heat-resisting substances, such a 
can, of course, be UBed. 



asbestos, vulcanised fibre, etc, 



Pig. 167.— (KSrting 160 HP). 
Diam. of oyl. (666 mm.) 261" ; 20 13" 

studs Fio. 168.— (Deutz, 260 HP). 

Dram, of oyl. (840 mm.) 88" ; 24 2J" studs. 
In Figs. 169-172, the packing consists of an intermediate layer of thin asbestos paper, 
about 5; inch thick. A stouter layer should be avoided, because it may easily be blown ont 



Fid. 169. 
by the pressure of the gas, 



Fig. 170. Fig. 171. Fig. 172. 

unless the bolts are unnecessarily tightened, to hold it in position. 




Fiq. 173. Fig. 174. Fig. 175. 

Asbestos string is often used for packing (Figs. 173-176). 

If a joint is blown out when the engine is running, and a temporary packing has to 
be put in, cardboard soaked in linseed oil has sometimes been used for the purpose, but it 
does not always answer. 

As the arrangement of the bolts must depend on the shape of the breech end, the 
calculation and standard sizes of these bolts will be found under " Breech ends." When- 
ever possible, the designer should arrange that the pitch circle of the bolts, securing the 
breech end to the water jacket, should be the same as the mean diameter of the water 
jacket shell, as shown in Figs. 169-176, to avoid bending stresses on the flange. 

For standard dimensions of the frame and cylinder, see pp. 116-120. 



116 



GAS ENGINES. 



Fig. 178. 




Fig. 177. 



Fig. 179. 



Fig. 180. 
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Calculation of the Strength of a Frame. 

To explain the method adopted in calculating the strength uf the frame, we will consider a few 
very simple types to begin with. The cross section where there is greatat danger of fracture is 
at A (Fig. 192). All dimensions to be given in inches. 

1. Simplest Type of Frame, 
In which the neutral axis of the two beams connecting the sides of the frame to the bearing and 
cylinder is in the same plane as the middle of the 
shaft. Thus at cross-section A, Fig. 192 (the metal 
ion AA °^ l ' le beams being in pure tension) — 




Tension k, = 



in lbs, per sq. in. . (124) 
iston iu lbs. per 



Fig. 193a. 
M centre line 
of crank shaft. 



where P = j W-p, the load on the 

sq. inch and /= sectional area of one side frame 

in sq. inches; if the whole area be taken/ = b x h. 

The thickness of the shell of the water jacket 
should also be calculated for the tensile stress, P, 
account the foot of the frame, this stress should never exceed 1400 lbs. per sq. inch 
order to allow for a slight shifting of the core). 

2. Where the neutral axis of 
the side beams lies below the centre 
or axial line of the crank shaft. 

Here the dangerous cross section 
is close to the bearing (Figs. 193-193b). 
In this case the metal of the frame is 
exposed to a combined stress due to 
tension and bending. Let I = Distance 
of centre of gravity of the cross section 
of the frame from the axis of the crank 
shaft MM. Z, = Modvliw of resistance 
of the crow section of the frame, in 
centre of gravity, / = area of the cross section 




Pia. 193b. 
crank shaft. 



cubic inches, reduced to the horizontal axis of i 
in bo. inches (i.e. b x A). 

From Figs. 193-193b. Bending moment M, 
Stress due to bending k t 

„ „ tension k, 
Combined stress h 
If the cross section were rectangular— 

ft = ft* + &, 



= PxZ (125) 

= *1* in lbs. per sq. inch (126) 

4 ■ (127) 

= ft, + ft, „ , (128) 



Pxi , _P_ 



i lbs. per sq. inch . . . (129) 



3. Where the aide frames are connected by a 
bottom plate, as shown at p. 116. 

The stresses are calculated in the same way as before, but to 
determine the modulus of resistance of the section is more 
complicated. For instance, the cross section of the frame (Fig. 
194) must be divided up into three sections, /„ / s , /„ the area 
of each of these sections calculated, and the distance of their 
centres of gravity from the top of the section, i.e. a-, for /, z,, 
for /,, as shown in Fig. 194, must be found. The centre of 
gravity of the whole cross section will be— 
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The moment of inertia is determined by the equation— 

I = 2 ^- J + 2Me 1 *+ 1 ^ + «*«,* in inches* .... (131) 

Modulus of resistance Z, = -in inches* (132) 

Bending moment = M* = P( inch-lbs ('33) 

Stress due to bending k„ = y^ lbs. per sq. inch (134) 

,, tension A, = —> lbs. per sq. inch (135) 

Combined stress b = k„ + k, lbs. per sq. inch (136) 

4. Hollow cast-iron box frame. The design is token from Fig. 186, p. 119. 
Distance of the centre of gravitv (see Fig. 195). 

■-^jf&SfcSP "*■■■<>"> 

The moments of inertia of the separate areas are deter- 
mined as follows : — 

I, = j'g + M«i inches 4 

Ij = ' ' ■ + io6^,* inches, and so on. 

U „, 

The moment of inertia of the whole section is the sum of yio. 195. 

the separate moments of inertia — 

I = I, + Ij, etc (138) 

Modulus of resistance Z, = - inches * (139) 

Again, the stress due to tension k, = . r-f-r ™ "* P* r sq- 'och - • (140) 

Stress due to bending k„ = -^ = ?. (141) 

Combined stress k = k t + k, in lbs. per sq. inch .... (142) 
Allowable stress, or safe working load 

k = 1400 to 2000 lbs. per sq. inch.* (143) 

Calculation of the Front Part of the Frame (Fig. 196). 

In this case — 

M* = 0-5 PI inch-lbs (144) 

4 t = -^- lbs. per sq. inch (145) -ff— 

Z b can either be more accurately calculated from the moment ol 
inertia of this box section, or approximately determined by the formula— 

Z, = 0-9 b ~ inches » (146) p^ 

Fig. 196. ipS 

Allowable stress or safe working load — " 1^ 
A = 1400 to 2000 lbs. per sq. inch . . . (147) 

* As explained in more detail in Haeder's " Konstruiren und Reohnen," 2nd Edition, p. 21 
cast-iron frame of the above type gives way when loaded up to 9800 lbs. per sq. inch, where 
straight bar frame will bear a load up to 81,000 lbs. per sq. inch without breaking. 
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Calculation of the thickness of the Cylinder Wall. 

Let D = diameter of cylinder in inches, p = Explosion pressure in lbs. per sq. inch. k t = Stress 
due to tension in lbs. per sq. inch. 5 = Thickness of cylinder wall in inches, then according to Bach, 
" Maschinenelemente " — 



•-Kv^a-o— <»»> 



•3jo 

As the full pressure of explosion only occurs at the back end of the cylinder, where it is stiffened 
with a deep flange, and as, to increase the cooling action of the jacket, the metal of the cylinder 
should be as thin as possible, considerable allowance may be made for the stress due to tension, namely — 

Allowable stress, k t or safe working load about = 4200 lbs. per sq. inch . (149) 

With a maximum pressure p = 440 lbs. per sq. inch and k t = 4200 lbs. we get from equation 148 — 



-w. 



4200 + 0-4 x 440 



-«)- 



about 0-5D inches 



4200 - 1-3 x 440 

Having regard to a possible reboring of the cylinder, after a few years 1 wear, then — 

« = 005D + x inches 

Table XX. — Values for x and 8 in Centimetres. 
15 



(150) 



(151) 



D = 



0-05D = 

x = 



10 



0-5 
0-9 
1-4 



20 



0-75 
0-95 
1-7 



1-0 
1-0 
20 



25 



1-25 
1-06 
23 



30 35 



1-5 
11 

2-6 



1-75 
1-15 
29 




100 


120 


5-0 
1-8 
68 


6-0 
2-0 
80 



Diam.ofcyl.D = 



Table XXa. — Values of x and S in Inches. 

15J" 




81 J" j 39§" 




47i" 



In larger cylinders, with diameters of 24 inches and upwards, the thickness of the cylinder may 
often be reduced gradually, or step by step towards the crank ena, to economise weight and quantity 
of metal. Large cylinders are also often stiffened with circumferential ribs, in which case the thickness 
of the walls 5 is somewhat less than the values given in Table XX. 

As an open-ended or trunk piston also serves 
as a cross head, a further stress due to bending 
comes upon the cylinder, for which allowance 
must be made in large gas engines, and especially 
in engines with a long stroke. 

As shown at p. 126, the maximum turning 
moment under ordinary working conditions occurs 
when the piston has travelled through 10 per cent, 
of its stroke from the dead point. In this position 
Pia. 198. the pressure on the piston is about 0*8p., with a 

maximum explosion pressure p = 440 lbs. per sq. inch. 

And from equation 2, p. 126, vertical thrust k= £D 2 xO*8x440xO'll = 38xD 2 in lbs. (152) 

,ah . „ , „ «, rt -r> q-. . i o i Mj 




Again, M 6 = k- in lbs. per sq. inch ; Z b = 0'8D m 2 8 in inches 3 ; k h = — in lbs. per sq. inch (153) 



Neglecting the weight of the piston itself, deflection = k x t vrr m i Qclies * • 



(154) 



E = 12,000,000 modulus of elasticity for cast iron. 
I = 0*05 (D a 4 — D 4 ) moment of inertia in inches. 

In ordinary four-cycle engines, with the thicknesses of cylinder given in Table XX., the deflection 
does not exceed 5^5 inch or 2 J^ mm. for small, and 15 I j0 inch or t^mm. for large engines, and is 
thus very slight. 

* See Haeder's " Konstruiren und Kechnen," 2nd edit., p. 292. 
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Section IV. The Pistons of the Engine. 

The style of piston varies with the type of engine, whether single or double acting, and 
the kind of crosshead guide adopted. The most usual type3 are given below, Figs. 6 to 15, 
and are shown in outline in Fisrs. 1 to f>. 



E 





Pig. 1. Fig. 2. Fig. 8. 

Open-ended Piston Open-ended Piston, Box Piston, 

inout water coolincr. water cooled. generally water 

cooled. 



without water cooling. 



Fig. 4. 

Piston Rod 

without water 

cooling. 



Fig. 5. 

Piston Rod, 

water cooled. 



1. Open-ended or Trunk Pistons (see also p. 3). 







. -v-T-\ 



Pig. 6. E 4. 
Guide inside Cylinder. Most usual type 
for engines up to 28" stroke. 



Fig. 8. E 4. — Outside Crosshead 
Slipper and Guide, and Guide Piston 
T inside (large Nuremberg engine). 



Pig. 7. E 4. 

Outside Guide (seldom used, and only for 

large engines). 







Fig. 9. R 4.— Piston of first 
cylinder forms guide. 




■•--Hf (--<H 



Pig. 10. R 4. 
Outside Guide. 




Fig. 11. D 2. — Oechelhaueser Engine. 
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2. Box Piatona (sec p. 8). 
Open-ended or trunk pistons are almost universally nsed for small, and box pistons 
for larger engines. In double-acting engines the latter are, of conrse, a necessity. 



ri-x 

^-r'1 Lk.\ 




Fig. 18. D 2. KBrtiiig. 



Open-ended or Trunk Piston for Single-acting Fonr-oycle Engines. 
For engines up to 120 HP an open-ended trunk piston without water cooling is almost 
invariably adopted. 




Fioa. 16, 17.— Open-ended Piston. 
A Trunk of piston, B piston ting, C piston pin or crosshead, b grooves for piston rings B, c bored hole 
piston pin G, E taper pin for piston pin C, m boss for oil hole (p. 130), o oil hole (p. ISO), 
.. — : ... -ii _;_!__ j^ t ^ e | at i, e) an jj ^ tatg (Jig e j B bolts when fitting it into the cylinder, 



p lugs for turning the piston in the latl 
q hole for taper pin E, rr stiffening ribs. 

For standard measurements, see pp. 



PISTON GUIDE. 

The piston also acts as a elide block, and to 
take the vertical thrust due to the obliquity of the 
connecting rod. 




Pressure on the Guide. 

The pressure with which the body or trunk of the piston is forced downwards against 
the liner (Pig. 18) is given by the equation — 

K = P tan j8 (1) 

in which P = load on the piston at a given point in the stroke, in lbs., and 

fi = angle formed by the connecting rod and the axial line of the cylinder. 

This pressure , 

K, equation 1, will 
reach its maxi- 
mum when the pis- 
ton has travelled 
through 10 per 
cent, of its stroke. 
According to the 

diagram, Fig. 19, ?"»- W. 

the pressure in the 
cylinder at this point is about 800 lbs, per sq. inch.* Taking as 

the mean value - = 5"5 we get — 

Angle of inclination of the connecting rod = £ = 
tan = about 0-11 
and further — 

K = | X D a x 300 x 0-11 = 26D* 

Assuming that the piston pin is in the centre of the bearing 
surface of the piston, and taking as the width of the bearing 
surface — 

Width of bearing surface = 0-85D (as the pressure falls 
only on one-third of the circumference of the piston) (see 
Fig. 20). 

Length of bearing surface = 0SI (deducting the piston 
rings) (Fig. 18). 

The pressure on the bearing surface will thus be — 
SCD" 88-2D . 

q = (pBSB X Ml = " T " "*■ *** 8<1 * inch ' (3? 




* With ft pressure of eiplos 



lbs. pei sc 
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D 



If a mean ratio be taken for y of 0*5 to 0*65, equation tf gives — 

q = 19 to 25 lbs. per sq. inch of area of guide .... (4) 
(In steam engines the pressure on the cross head is usually q = 30 to 40 lbs. per 
sq. inch, if calculated from the pressure over the whole area of the piston, and when the 
crank is in its highest position.) 



.L 1 



UtfSvi.. 



\y^^>/ ! 




■4 



Position of the Piston Pin in the Piston. 

In practice the distance from the centre of the piston pin to 
the back of the piston is — 

a = 0-4/ to 0-7/ 
To maintain a uniform pressure on the surface of the guide 
the moment to the right must equal the moment to the left 
(see Figs. 21-23). Therefore— 

ffx« + Kx«=(K + W)x 0-5 (/ 4- eh) . . . . (5) 
where "W = weight of the piston in lbs. 
s = distance of the centre of gravity of the piston from the back end in inches. 

a = distance from the centre of the piston pin to 



aa^u,j — - ., ^ji~.i 



■»— ex — - • 



<&■--•- 




♦K 
Fig. 22. 



'•q&lbzbh 
GtK. 

Fig. 23 



the back end in inches. 
K = vertical pressure on the piston pin in lbs. 
z = number of piston rings. 
b = width of piston rings in inches. 
0*5(Z + 26) = distance from the back end of the piston to 
the middle of the bearing surface (z x b is not reckoned as forming part of the bearing 
surface, as the piston rings must be free to move in the grooves). 
Taking as the approximate mean value — 

s = 0-4? ; z X b = 0*2/ 
from equation 5 we get — 



a = I ( 0- 



6 + 0-2 



K 



) 



(6) 



As the weight W does not much affect the result, the last part of the equation may 
be written = zero, whence — 

a = about 0-6Z (7) 

In a water-cooled piston the temperature at the back end is practically the same as 
that of the cylinder liner (Fig. 25), but when the piston is not cooled (i.e. cooled only by 
the air) (Fig. 24), the difference in temperature, assuming the back end of the piston to 
be 250° C. (= 482°F.) and that of the liner 90° C. (= 194° ¥.), will be 482-194 = 288° F. 
The piston will consequently expand more than the liner, namely — 



_, 0-00OG1 x 288 , ^ 1 ^ 
DX 100— = abt -57C) I) 



W 



* The expansion of cast iron is about 0*00061 inch per inch of length, for every 100° Fahr. difference 
of temperature. 
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As the length affected by this unequal expansion is about -fa of the total length 
of the piston, it will be advisable to reduce its diameter conically for one-tenth of the 
length, measured from the back end, by — 



-D at back end 



For example, in a cylinder 40 inches diameter, the diameter 
of the piston for one-tenth of its length at the back end will 
be 39±| inches, and the clearance xs inch. Similarly in a 
liner of 20 inches, the diameter of the piston for one-tenth of 
its length at the back end will be VJ~ inches, and the clear- 
ance J3 inch. 

As the back end of such an uncooled piston, where the 
diameter is reduced, does not, strictly speaking, form part of 
the bearing surfaces, the piston pin may be moved slightly 
forward, the length of a increased, and therefore in this 
case — 

Distance between centre of piston pin and back end of 

piston a = 63/ (10) 

(In practice a = Wit to 0-7*.) 

The nearer the piston pin is to the lack end of the piston, the more 
it of the temperatures in the combustion chamber. 

In the accompanying figure (Fig. 2(i) a better circulation of air to 
cool the piston is said to be obtained by the fanlike action of the end 
of the piston rod. 

In practice, in engines of large diameter (i.e. single-acting four- 
cycle engines with cylinders above 24 inches diameter), it is always 
necessary to have a separate water-cooling system for the piston. 

Rules for Constructing the Piston. 




B^EE 



Water-coolod Piston, 
injurious is the effect upon 



2. The weight of the piston should be retluced as muck as possible, that is, it should be 
made no heavier than is usually considered necessary, with ample allowance for stress, 
and shifting of the core in casting. The weight of the piston 
affects the balance of the reciprocating parts (see Chapter IV.). 

3. Two or more lugs (N N, Fig. 27) should be cast near the 
front end of the piston, to hold it when machining it on the lathe, 
and to take eye bolts for mounting and withdrawing it from the 
cylinder. 

4. The piston should be removable at the crank-shaft end of 
the cylinder (see Fig. 28); this should be borne in mind when 
designing the frame or bed. It should never be removed at 
the back end, if it can possibly be avoided, for with pressures 
of 850 to 450 lbs. per su. inch it is difficult, when replacing it, 
to make the joint between the cylinder and breech end tight. 

6. The piston is lubricated by oil delivered under pressure ■ 

from a pump. The oil pipe should be screwed into the liner 

bat free in the water jacket (to allow for difference in expansion); the oil should be 
delivered behind the second ring, when the piston is on the outer dead point. 

The larger tfie engine, the more important it is to lubricate the piston efficiently, because 
the area of the cylinder increases with the diameter X by the stroke, while the proportion 
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of dnst (i.B. products of combustion) increases with the charge, or as l) 2 x 8. Assuming 
gas of the same composition, and that the exhaust gases in both cases contain the same 

proportion of dust 

per unit volume, 
then the volume 
of the products of 
combustion will be 
five times greater 
per square inch of 
cylinder area in a 
cylinder 20 inches 
diameter than in 
one 4 inches dia- 
meter. It is also 
more difficult to 
distribute the oil uniformly over a large than over a small surface. 
Lubricating the Cylinder (Deutz) German Patent Kr. 97, 144. 
This method of lubrication consists of an oil pump with a plunger piston K, 
shaped like a differential piston, and working to and fro along a screw. The oil in 
small and variable quantities is forced into the engine cylinder through the glass 
sight feed G and the non-return valve E behind it. The object of this valve is 
. to check the pressure during the explosion stroke, that the oil drops may be 
properly formed, and not blown off, and that the sight feed glasB, which controls 
the quantity of oil passing to the cylinder, may not be dimmed. 

As the lubricating oil collects in the cylinder and evaporates, it forms a 
highly inflammable gaseous vapour, which might easily cause pre-ignitiou. In the lower part of 
the piston, therefore, five or six grooves 6 inches long are turned, in which the oil is carried oft and 
flung to the bottom of the frame, the piston, of course, being always in a horizontal position. 

The Piston and Piston Fin should be separately lubricated. 
Fig. 30 shows a trough B at the front end of the piston, with a wiper which wipes 
off the oil from the wick on the sight feed lubricator S. From the trough the oil passes 
through small pipes rr, on either side 
of the brasses, into the recesses F F, 
and is delivered through grooves on 
to tbe piston pin. 

The long trough (R, Fig. 32) has been 
found useful for engines with a short 
stroke and high speeds, and the oil does 
not splash out over the trough, as 
might have been expected. 

Lubricating the Piston and Piston Pin from an Oil Pump. 
In Fig. 33 the oil from a hole drilled in the upper part of the piston is fed to the 
piston pin through the pipe r. 




(To 



a long groove in the top of the piston trunk to take the oil for lubricating the piston pin 
o work well in practice.) 
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Instead of the pipe (Fig. 38), an oil hole is sometimes drilled in the upper part of the 
piston trunk, to lubricate 
the piston pin (Figs. 
84-87). 

Thus the oil passes into 
the passage at the top of the 
piston when the speed is at 
its lowest. This is a very ini- , 

portant point, because other- p, 08 si gg 
wise with this method of 
lubrication the pin does not got enough oil. 




-Gasmotorenfabrik Deutz 18 HP. 



To the oil pump. 



In order to be quite certain that the oil reaches the pin through this hole, c 
be taken to allow the passage between 
the oil supply and the channel W (Fig. 
87) to remain open for an appreciable 
time. The oil way must be so arranged 
that the hole in the liner communicates 
with the one in the piston at about the end 
of the stroke, when the speed is lowest. 
This is the object of the oil passage 
shown at Fig. 85. 

Figs. S«, 39, show the position of 
the lubricator on the cylinder, and the 
length of the oil pipe or recess, and 

correspond to Figs. 83-87. F, os . 38, 39. 

When the crank is on the out stroke 

dead centre, the oil should be admitted in the space between the second i 

piston rings, and not further back, otherwise it 

might filter through to the combustion chamber, and 

be burnt and wasted. 

Taking approximately w= 0-25a, and assuming that 

the oil is admitted to the piston, i.e. that the recess 

overruns the oil hole in the liner when the piston 

is within 3 per cent, of the outer dead point, then — 





= 0'97 X stroKe + « 



(ID 



bnt it is well to determine these values more accurately from Figs. 38, 39. 

For larger and vertical engines the oil is delivered through the boss on 
the piston pin (Fig. 40), either by the leather pipe,* Schl., or through 
trombone pipes and the spring grease pot B. The liner is in that case 
separately lubricated. 

* For various reasons a leather pipe cannot be recommended. It is better 
to have a groove in the piston and force the oil into it under pressure (see 
drawing at the side). 
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6. A hole should be provided, to take the gear actuating the indicator, if the lugs 
mentioned under head 3 do not suffice for this purpose. The indicator is often driven 
from a pin on the crank shaft. 



Calculation of the Piston End. 

The end of the piston is usually made flat, but often convex or dished ; the curve 
of the ends, if rounded, is struck from a radius r = 2D or 2'5D. 

The stresses coming on the piston are — 

(a) For flat-ended pistons — 

** = 0-16D, 2 x p (12) 

(b) For convex-ended pistons — 




Figs. 42, 48. 
the ribs — 



h - - X £ 



. . (18) 
Allowable stress, or safe working load, neglecting the stiffening due to 

. . (14) 



fa = 6400 lbs. per sq. inch ; k z = 4280 lbs. per sq. inch . 
If p = 360 lbs. per sq. inch, this works out at — 

For flat-ended pistons 8 = O'llDj in inches . . . 
„ convex-ended pistons 8 = # 042r „ . . . 

Number of ribs usually 4 ; thickness of ribs 0'58. 



(15) 
(16) 




m 'irtiiiiii'ii/nrKiJ ,y.. 



Figs. 44, 45. 



We may take m = (T04D ; 
u = 0'7u\ 






r 



t in .</ 



Fig. 46. 
Sharp edges. 



Fig. 47. 
Bounded corners. 



Body or Trunk of Piston. 

As grooves must be recessed to take the piston 
rings, the thickness of the metal must be more than 
would otherwise be required. Little is sared by 
making the piston as at Fig. 45, and it is more 
difficult to make. 

s = 1-6 — 1*8 X depth of groove ; tr = 0*051) ; 

Whether the back end of the piston should be 
left square (Fig. 46), or the edges rounded off (Fig. 
47), is a much debated point. It is generally con- 
sidered better, however, to round it off, as the burnt 
products are not so likely to adhere to it as to a 
piston with sharp corners. 

For pistons not water cooled, see note on p. 127. 



Bore of the Cylinder. 

It is not usual in gas engines, as in steam engines, to allow the piston to overrun the 
working part of the cylinder at the back. The liner is turned of the same diameter up 
to the breech end (Fig. 48), where it is exposed to the highest temperatures, and therefore 
to its utmost limit of expansion. 
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In steam engines the general rule obtains that the cross head is allowed to overrun 
the guide by | the length of the cross-head slipper guide. In gas engines, to avoid rocking, 
and jamming the piston, care must be taken that the cross-head pin never projects 
beyond the cylinder. Therefore — 

x (Fig. 48) should be = 0*2 + stroke (17) 

The space between the end of the piston and the breech end of the cylinder, Le. the 
clearance, depends on various circumstances ; we will for the present represent it by s. 



.- levjtk tffVHlt ,..^ . 



^ 



•ic'r 






Thus— 



Fig. 48. 
Working length of the cylinder = * + a + stroke + x . 



(18) 



Piston Rings 

are usually made of cast iron, occasionally of steel. 

The so-called Bamsbottom rings are almost exclusively used. The more rings there 
are, the less is the pressure they have to exert. The following table gives the tension of 
these rings. 

Table I. — Piston Rings. Empirical values of q. (Pressures on the bearing surface 

of the rings.) 



Number of 
rings. 






Pressure In the cylinder in lbs. per sq. inch. 


z 


70 


140 


210 


280 


350 


420 

4-3 
35 


2to8 
4 „ 5 
6 „ 8 


2 = 2-8 
1-7 
1-4 


2-8 
20 

1 « 


34 

2-4 
21 


31 
2-5 


8-5 

2-8 



560 lbs. per sq. inch 



— lbs. per sq. inch 
4'0 



»» 



»» 



The figures printed in Hack type should be used for gas engines, those, namely, which 
are applicable if there are six to eight rings, in which case — 

q = 3*5 to 4*3 lbs. per sq. inch (1) 

that they may be easily stretched over the body of the piston. 

Thickness of Self-adjusting Piston Rings. 

These rings are turned and polished before being stretched over the trunk. They 
should be sufficiently elastic to bend out as much as D + 2c of their diameter, without 
breaking or losing their spring. 



r 
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Calculation of the Piston Rings. 

1) = diameter of the cylinder in inches. 

c = depth of the ring in inches. 

q = pressure on the bearing surface of the rings, in lbs. per sq. inch 

(from Table I. and equation 1). 
E = 11,500,000. Modulus of elasticity for cast iron. 
e = length of piece cut out of ring in inches. 
k a = bending stress on the ring when passing it over the piston body, in 
lbs. per sq. inch. 
k t = bending stress on the ring under working conditions, in lbs. per sq. inch. 

Equations 2 to 4, next page, have been worked out from Bernhardt 's calculations * 
combined with Grashof s theory of bent iron bars. 




Fig. l. 



Table II.— Ramsbottom or Self-adjusting Piston Rings (equations 1 to 4). 



g = l-4 



g = 2\L 



2 = 2-8 



2 = 3-5 



2 = 4-2 



2 = 5-7 






to = 8500 



^ = 45 



D 
O 

e 



9000 
0*08 D 



D 
C 



^ = 86 



h a = 



13,600 
0-07D 



D 

C 

h a 

e 



= 82 



18,000 
0-06D 



^ = 28 



D 
C 

h a 

e 



28,000 
0-05D 



D 
C 

h 



77=26 



27,500 
0-05D 



^ = 22 



D 


h a 
e 



86,800 
0-04D, 



11,100 



52 

6800 
0-12D 



42 

10,000 
0-1D 



86 

14,000 
0-09D 



33 

16,800 

0-08D 



30 

20,000 
0-07D 



26 

25,400 
0-06D 



14,000 



58 

5500 
0-17D 



47 

8800 
0-14D 



40 

11,400 
0-12D 



87 

18,400 
0-11D 



33 

16,800 

0-1D 



29 

21,600 
0-09D 



17,000 lbs. per aq. Inch. 



64 

4500 lbs. per sq. in. 
0*23 D in ins. 



52 

6800 lbs. per sq. in. 
0-18D in ins. 



45 

9000 lbs. per sq. in. 
0-16D in ins. 



40 

11,400 lbs. per sq. in. 
0*14D in ins. 



87 

18,500 lbs. per sq. in. 
0-13D in ins. 



22 

18,000 lbs. per sq. in. 
0-11D in ins. 



* ZeiUchrift des Vereines deutsclier Ing&nieure, 1901, pp. 232 et seq. 



N 
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Bending stress due to stretching the ring over the piston body — 

*• = 2-5(0-5D)* = lM00,000^ r J (2) 

Bending stress under working conditions k t = — ^-5 — - = $q[ — ) • (3) 



J)2 yj. 

Length of piece cut out of ring e = 1" — X y 



w 



Allowable stress, or safe working load k a = 17,000 lbs. per sq. inch 1/^ 

*, = 14,000 „ n S K) 

Table II. has been calculated from equations 1 to 4. 

The required thickness of metal f , and the length of the piece to be cut from the ring 
can be determined from Table II. for a given pressure q on the bearing surface of the ring. 
For gas engines it is advisable to adopt the figures printed in thick type, namely — 



c = ggD ; e = 0-08D 



(6) 



then q = 8 # 5 ; k t = 11,000 ; k a = 16,500 lbs. per sq. inch ... (7) 

Having calculated the thickness of the ring c, and the length of the piece to be cut 
out e, the diameter of the cylinder from which the ring is to be cut can next be deter- 
mined. The various stages in the process of cutting the ring are as follows : — 

Let D = diameter of the cylindrical piece from which the ring is cut, in inches. 
c = thickness „ „ „ „ 

d = 1) — 2c inside diameter in inches of the finished ring. 



D r = D H h |" = outside diameter in inches of the cylindrical piece before 

machining (8) 




d J = d H $ " inside diameter of the same 



(9) 



(The flange is for holding the cylindrical piece when turning it.) 



D, = D H H ft" = outside diameter of the madiined ring .... (10) 



d 9 = d + ft" = inside 



»» 



»> 



>» 



. . . . (11) 




e = 0*08D = length of piece cut out. 



D + J" = outside diameter of the ring when the two ends are sprung 
together (12) 

d = D — 2c = inside diameter of the finished ring when sprung together (13) 
D = outside diameter of the piston ring when sprung together after machining. 
d = D — 2c inside diameter of piston ring. 
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Example. — To calculate the piston rings in a gas engine of 15£ inches diameter. We 
will take the stress on the ring dne to bending, under working conditions k l = 11,000 lbs. 
per sq. inch ; stress on the ring due to bending, in stretching the ring over the body of 
the piston k a = 17,000 lbs. per sq. inch. 

From equation 6 : Thickness of ring c = ^ x 15f" = 1" (bare 0-475"). 

„ „ 6 : Length cut out e = 0*08 x 15f = 1\". 

(Both these values may be taken from Table II., p. 133.) 

li 
Again, from equation 8 : D r = 15f + * + ?' = 10f .* 



»> 



»» 



5» 



>• 



!) : d r = (152 _ 2 X £') + „ ~ $ = Hf + A". 
10 : I>. = 15f + l * + &" = 18ft" ( fall > 



IT 



11 



„ 11 : d v = (15? " ^ X *") = M * - A" = 15 "- 



Figs. 7 to 10 illustrate the successive operations in machining the ring. 




Fig. 7. 
Bough casting. 




Fig. 8. 
Turned and bored. 




Fig. 9. 

Cut. 




Fig. 10. 

Sprung together 

and machined. 



Number of Rings. 

As the rings must be stretched over the body of the piston, and therefore the pressure 
on their bearing surfaces cannot exceed q = fy lbs. per sq. inch, several rings must be 
fitted to the piston. The best and most usual number is — 

Number of rings = 7 or 8 (14) 



To draw the Ring 

over the piston body requires great care, as with clumsy handling the limit of elasticity 
may be exceeded, and the ring break. For this operation Reinhardt f has laid down the 
following theoretical rule : — 

* If the casting is carefully made, it is sufficient to allow J inch to ft inch instead of jj inch, as given 
above. The measurements in equations 8 to 11 must be re-calculated, to correspond with this 
alteration. 

t Zeitschrift des Vereines deutscher Ingtnieure, 1901, p. 876. 
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If the rings are to be sprang oat by hand, and slipped into place, they cannot be 
properly adjusted unless they are opened to an angle of 80° (Fig. 11). It is better, 
therefore, especially 

with rings of large E ' ia - 12 - 

diameter, which it is 
impossible to stretch 
by hand, to ase 
Beinhardt's device, 
as shown in Fig. 11. 
The angle at which 
the instrn mentopens 
the ring should be 
set at 30°, as it 
naturally diminishes 
when drawing the 
ring on. 

Tfie piece is cut from the ring at right angles to the side edges. To make the ends 
overlap (Fig. 12), or fit a tongue over the joint, as in Figs. 18-15, does not give satisfactory 
results in gas engine practice. 

Care should be taken to prevent the rings turning in their recesseB, and the joints 

View of underside. 




Figs. 18-15. — Not often used. 



Fia. 16. Fio. 17. Fig. 18. 

should be made at the bottom of the piston 
(see Fig. 16). 

The simplest way to secure the rings from 
shifting is to fit in a peg (see Fig. 17). 
Many engine builders cut away a portion of 
the side of the last piston ring (A, Fig. 18). 

This allows the pressure to pass behind the ViGB 1922 

ring, and thus the ring is forced outwards 
against the walls of the cylinder liner. 

Another method to secure the piston rings and prevent them from turning is shown 
in Figs. 19, 20. The rings are held in position by a pin S, screwed into the body of the 
piston. To increase the tension of the first two rings, they have two steel springs F 
which cannot twist, but are kept in place by the bosses N riveted to the piston body. 
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Fig. 1. 




The Piston Pin. 
(a) Fitting the Piston Pin in the Boss, 
The piston pin must be very carefully secured in the bosses cast in the piston to 
receive it, and also easily taken out, as it has to be removed whenever the connecting rod 
ia disconnected. It can be secured in several ways, as follows : — 

1. By set screws with pointed ends and square heads locked with 
check nuts (Pig. 1). Diameter of the Bet screws = s = OSd. The 
feather key K prevents the pin from turning round. 

2. If the head of the connecting rod is made with a side key, 
these set screws cause difficulty. 

In that case a taper pin, o, shown in Fig. 2, is used, which pre- 
vents the piston pin both from slipping sideways, and from turning. 
Diameter of the pin o = Q"2d. 

Neither of these two methods has proved entirely satisfactory 
in practice, as it is difficult with either to get the piston pin back 
into position, if it works slack, or is driven in. 

3. In the arrangement shown in Fig. 4 (Dentz), if the cross-head 
pin is tightened np, it may spring the piston out of shape, if, for 
instance, there is more wear ou the cone of the pin at a than at b. 
This is a difficulty which has been experienced with cross heads in 

ri °- *■ steam engines. Fig. A shows a locking plate. 

It is better to make the connection by turning the piston pin conical at each end 
5). The cross head is secured in the conical end, c, by the nut at d, and the 
other end, e, is then forced into the boss 
by the nnt at /,- but on this side allow- 
ance must be made for the pin projecting 
a little way into the boss. 

If the piston pin is not perfectly tight 
in the boss, the shocks on the connecting 
rod will be considerable. 
Fio.a. Fio. l. Fia. 5. To put stiffening ribs (rr, Fig. 6) between 

the bosses of the piston pin might counter- 
act the pressure on the piston, but these ribs check the circulation of air, and hinder 

the cooling of the piston. 

The piston pin being near 
the working end of thecyllnder 
is exposed to high tempera- 
tures, and thed ifficulty of keep- 
ing it in good working order is 
considerable, especially as it is 
Pig. 6,-Stiffening ribs. PlO. V.-Swidarski. mt ^ rf ^^ 

In Fig. 7 a partition, r, is supposed to prevent the heat reaching the piston pin, and 
causing the lubricating oil to burn. By piercing a few holes above and below in the wallr 
a circulation of air is set up, which is extremely important for keeping the bottom of the 
piston cool. These holes are, of course, necessary for removing the cores. 
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(b) Calculation of the Piston Pin or Cross Head. 
The maximum load on the cross head works out at — 

P = 1 1)* x 380 = about 300 lbs. per sq. inch x D a * . . (1) 

According to Bach's formula : Bending moment M 6 = ^ ( - — - j . . . . (2) 

Modulus of resistance to bending for a round cross section — 

Z 6 = 0-1^ (3) 



M 

Stress due to bending (lbs. per sq. inch) f b = ^-* 

Allowable stress or safe working load/ 6 = 11,000 to 13,000 lbs. per sq. inch (4) 
The piston pin must also be tested for pressure on the bearing surface — 



wF : ' /A 



A 



. (5) 



(■■r~-fdf- 
Li— i— h- 



p. 









m 




p = -. lbs. per sq. inch .... 

(v X 6 

Safe working load for — 

p = 1700 to 2000 lbs. per sq. inch (6) 

(The working load on the cross head pin of a steam engine is 
usually 1100 to 1400 lbs. per sq. inch.) 

In a gas engine a higher load per sq. inch on the piston pin ; ^ \\ 

can be allowed for, because the maximum pressure is only developed *•■- D •'••• 

at every fourth stroke, and for a very short time, whereas in steam p IG# g. 

engines this pressure is exerted at every stroke. Moreover, it would 
be difficult to fit a larger pin into the piston. In any case the piston pin is still a 
weak point in gas engine practice. 

Taking the length of the piston pin brass e = 0-5D, then I = about 0-751) 

and M 6 = 150 D 2 ^^ - { ^\ = 37-5D 3 inch-lbs. 
Allowing a stress f b = 12,000 lbs. per sq. inch. 



(7) 



d = liS/-?* = I)// «™_ = 0-31D . 

V O-l x/a V 0"1 X 12,000 

From these values equation 5 gives — 

Pressure on the bearing surface of the piston pin — 

3O0-I) 2 , n .MU • U 

V = — =-r nrm = 1940 lbs. per sq. inch 

1 OmI) X 0*31 J) r ^ 



(») 



* The stresses coming on the working parts are generally calculated for an explosion pressure of 
380 to 440 lbs. per sq. inch. 
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Standard Types of Piston and Piston Pin for E 4 Engines. 



Fig. 1. 



Fig. 2. 



. b >\ 



'■'■**_ K 




Fig. 6.— Up to 5" Cylinder Diameter. 

T, Sight feed lubricator. 

M, Bracket fixed on 
cylinder. 

B, Wiper. 

S, Bracket to take oil 
pipe R. 



Fig. 7.— With Wiper (Diam. of Cyl. 16". Scale 1 to 8). 



^ 
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Standard. — Lubrication of the Piston Pin (Figs. 5-7, p. 1 89). 

> Dimensions in millimetres. 



I> = 



Engine. 



S 



180 
160 
190 
220 
270 
310 
350 
400 
450 
500 
550 
600 
700 



r = 

— i = 
— v= 



80-125 



130-190 



5 
16 
14 

7 
15 



200-290 



6 
20 
16 

8 
16 



80 
45 
13 



300-390 



8 

26 
20 
10 
20 



90 
50 
18 



400-490 



10 
30 

24 
12 
25 



100 
55 
13 



95} 

120' 

150 V = 
175? = 
210p = 
250j 
300 
335 
870 1 

890 Ha. — Lubrication of the Piston Pin (Figs. r>-7). 

440 J 
5201 
630 



500-400 



12 
35 
30 
16 
80 



110 
60 
13 



Dimensions in inches. 



--45 ins. 5^-7^ ins. 



The pistons 
metres in TabM im. 
Table Ia. gives I a 



Standard 



Engine. 



S 



Ins. 





Ins. 

f 

4. 

ft 



7§-ll % ins. 



3* 



lltH&&ins. 



15i-19Jins. 








1 



3}fr 
24- 



19fJ-23§ ins. 



ins. 




2$ 



- ig the general methods of lubricating the crank pin or cross head, are enlarged 
£ (Fig. 35, p. 130). For dimensions of e, see Fig. 38 and equation 11. 
of lubrication, and one often used, is shown at Fig. 7. The drops of oil at 
:t-shaped piece M are wiped off by the wiper B, and pass through trough R 
the piston itself is separately lubricated by a mechanical oil pump, the 
:om the sight feeder to the piston pin can thus be noted, 
six rings behind, and two in front of the piston pin, is also often met with, 
a more equal distribution of the oil. The front ring usually overruns the 
ts width at the end of the stroke. 
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Cooling the Cylinder.* 
(a) Heat Developed in the Cylinder. 

It is necessary to bestow special attention on this part of onr subject, because an 
accurate knowledge of the movements of heat is required when designing not only the 
cylinder and piston, but also the breech end and exhaust valve of a gas engine (see 
" Valve gear "). 

During the working cycle very high temperatures are developed in the cylinder of 
a gas engine, the range of which is more or leas in accordance with the following 
classification. 

Table I. — Temperatures in the Working Cylinder. 



Period of admission.— The unburn t gases remaining in the cylinder 
after the exhaust valve has closed are at a temperature of 
400° G. The fresh charge is admitted at a temperature of, 
say, 20° C. Therefore we may assume that during — 

Admission of the charge of gas and air the temperature falls from 
Compression „ ,, ,, „ rises 

Ignition (explosion) 
Expansion „ 

Exhaust lead (i.e. release) 
Discharge of exhaust gases 



Four-cycle 
engine. 



»» 
>» 



falls 



Centigrade. 
400° to 125° 
126° „ 600° 
600° „ 1600° 
1600° „ 700° 
700° „ 600° 
500° „ 400° 



Two-cycle 
engine. 



Centigrade. 

125° to 600° 
£00° „ 1500° 
1500° „ 700° 
700° „ 600° 
600° „ 125° 



(Compare with the above the following known temperatures of metals : temperature of iron when 
heated to: dull red, 600° C; to cherry red, 800° C; bright red, 1180° C; white heat, 1500° 0.; 
melting points of zinc, 230° C. ; bronze, 900° C. ; cast iron, 1150° C. ; wrought iron, 1550° C.) 

To gain a clear idea of the processes taking place in the cylinder of a gas engine, a 
knowledge of the curves of the indicator diagram is as necessary as when studying the 
working cycle, as explained at pp. 8 et seq. 

A rough calculation of the temperatures in an E 4 
engine (single-acting four-cycle) may be made from 
Table I. and Fig. 1, as follows : — 



Mean temperature during expansion 



1500° + 700° 



9 



= 1100° c. 



n 



, . 500° +400° AKMn 
exhaust — = 460° C. 



>' 



»• 



>> 



compression — 



500° + 125° 



o 



= 310° C. 




admission - W -^— = 260° C. 



Fig. 1. 



Thus the mean temperature of the gases, when in contact with the walls at the explosion end of 
the cylinder (breech end) would be — 

1100 + 450 + 310 + 2G0 



T — 



= about 530° C (1) 



* The following pages (142-150) should be taken as the author's contribution towards the solution 
of this still obscure problem. 
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(For the front end of the cylinder in a single-acting four-cycle engine (B4) the mean temperature 
is calculated in a different way, because work is only done in it at certain times, and there is 
also a different range of temperature in the middle of the cylinder of a double-acting four-cycle 
engine (D 4)). 

This rough method of calculation must not, however, be relied on, but a more accurate 
determination of the temperatures should be made. 

For this a clear and comprehensive view may be obtained from the developed dia- 
grams ; if the values in Table I. are plotted vertically the temperatures may be read off 
for each position of the piston, and the mean temperature determined from them by 
a planimeter. 

1. Temperature Diagrams for tfw Combustion CJiamber and Back End of Piston. 

To illustrate the working cycle better, the diagrams of pressure are shown below the 
temperature diagrams ; v denotes the front or crank end, h the back or breech end of the 
cylinder. 

Four-cycle engine. Two-cycle engine. Steam engine. 



a 



i 



4500 -r 

4400 > 





4S0O 

1400 

1300 

4200 

410O 

4000 
900 

800 
TOO 



, \ 



* (600 

8 [ 500 

\ (400 

J ftOO 

j. j aoo 

1 T400 



5 

"8 

3 



a. 

OR 

■ 

o 

9 

oT 

3 

c 
e» 




Strokes ■•- 



+ 



40 



J 




r+ 2 Piston*. Strokes -+~ 

* 




II 



I n 

) r* 



Admn. Gomp. Expan. Exht. 
Fio. 2.— E 4 and D 4 Engines. 



Expans. v. 
Compr. h. 



Gompr. v. Expans. v. 
Expans. h. Exhau. v. 



Exhaust, v. 
Expans. h. 



Fig. 8.— D 2 Engine. Fig. 4.— Steam Engine. 



Fig. 2 is applicable both to single acting (B 4) and double-acting four-cycle engines 
(D 4) ; for the latter it shows one side of the piston only. 

The mean temperatures are indicated in the diagrams by dotted lines, thus 

2. Mean Temperatures in the middle of the Cylinder. 

While the back end of the piston is always in communication with the combustion 
chamber (breech end) of the cylinder, and always exposed to the same high temperatures, 
the heat is differently communicated to the middle and front end of the cylinder. The 
temperatures in front of and behind the piston must be considered for every position of 
the crank, for which the diagrams (Figs. 5 to 8) may be worked out in the same way as 
before. 



TEMPERATURES IN THE CYLINDER. 

Temperature Diagrams for the Middle of the Cylinder. 




^U* L=i^^- b£a feE==f j 



Adm. Comp. Exp. Kiht. 
Fiq. 5.— E 4 Engine. 



Ada. A. I Camp, h . I Kxpan. fc.'Lxbl. h. Expin. r.Comp. r. Enu. r.lExbt. r. 
Comp.p.|Eipxn.i!,|Exllt. v. lAdm. r. Comp. K. Kxpu.IL Exit. A. lKipin.tr. 

Fig. 6.— D 4 Engine. Fig. 7.— D 2 Fig. 8.— Steam 
Engine. Engine. 

The mean temperatures are indicated in the diagrams by a dotted line, thuB 

Calculation of the Mean Temperature T m . 
If the temperature diagrams (Figs. 2 to 8) are planimetered, they will give the mean 
mperotures shown in the following table. 

Table II. — Determination of the Mean Temperature T,„. 





E 4 engine. 

460° C. 
180° C. 
Zero 

320° C. 


D4*ngtne. 
460° C. 

S60 3 C. 

460° C, 


D 2 engine. 


St«lln engine 
euperheit. 


Breech end of cylinder mid buck j 

end of piston — together . . 1 Figs. 2 to 4 
Beginning of strobe . . . . | 

S* :; : : : :}•*•■.• 


560° C. 
420° C. 
400° C. 


190° C. 
180° C. 
190° C. 


Mean temperature T,„ = 


425 C C. 


4G0°C. 


185° C. 




Fio. 10. — Double -actinj 
Engine (D 4), not 
cooled with water. 



In a. double-acting four-cycle gas engine the temperature is about twice as high in the 
middle of the cylinder as in a single-acting engine of the same type, because in the latter 
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this part is covered by the piston, and thus shielded from the heat of explosion daring 
two oat of the four strokes of the cycle. 

If during a working cycle heat were not artificially withdrawn from the cylinder of 
the engine, either by water circulating round it, or by air cooling, the temperatures in it, 
calculated from Table I., would correspond to those indicated in Figs. 9, 10. In that case 
only the admission valve would be slightly cooled by the incoming charge. 

It must be evident that neither cast iron, cast steel, nor other metal could resist such 

great heat. These high temperatures must, as far as possible, 
be reduced by cooling the cylinder externally, which is done 
by surrounding it with water. 

A certain loss of work is of course entailed by thus cooling 
it, because the heat carried off in the water cannot do work 
in the cylinder. 

If there were no cooling, the expansion curve of the 
indicator diagram would be higher. 

The greater the number of heat units taken up by the cool- 
ing water, the larger the shaded area in the diagram (Fig. 11), 
and therefore the greater is the loss of energy, and the less the work done by the engine. 

(b) Cooling the Cylinder with Water. 

Main Objects aimed at : To reduce the temperature of the cylinder walls within practical working 
limits ; to avoid excessive waste of energy, the quantity of heat withdrawn from the motor cylinder 
should be as small as possible. 

To prevent such a catastrophe as cracking the breech end, and to obtain the most uniform distri- 
bution of heat throughout the cylinder walls, the water must be admitted in such a way that those 
parts of the cylinder which, according to Figs. 9, 10, and 15, 16, are exposed to the greatest heat 
are surrounded by the coldest water. 

The following seven parts of the cylinder are cooled in this way : — 




Pig. 11. 



Smaller engines E 4 up to 36" stroke, 
single cylinder, 150 HP. 



Besides tbe parts cooled under heads 1, 2, 

and 3, the following are also usually 

cooled in large engines. 



In exceptional cases ; for example, in the 
Bdnki engine. 



1. Water circulation in the jacket 

2. Water circulation around the 

breech end. 
8. Water circulation around the 
exhaust pipe. 



4. Piston. 

5. Piston rod. 

6. Exhaust valve. 



7. Cooling the charge by inject- 
ing water into the motor 
cylinder. (Generally done in 
petrol and naphtha engines 
of about 8 to 10 HP.) 



The Admission Valve. 

As the top of the cone of this valve is in contact with the unheated charge of gas and 
air before explosion, it must be at the same temperature as the breech end of the cylinder 
(see Temperature Diagrams, Figs. 2 to 4). 



Exhaust Valve. 

This valve is a source of much trouble and anxiety in gas-engine practice, as the 
bottom of the cone is always in communication with the exhaust pipe, and therefore 
exposed to temperatures varying from 400° C. to 500° C. 
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In Fig. VI the higher temperatures correspond to 

those above {cylinder side) and the lower to those below 

the cone of the valve (exhaust-valve side). The mean 

temperature of the cone most thus be taken at 600 C. 

: | without, and 450' C. with water cooling. 

\ ; In small valves the valve seat may to a certain extent 

the cone, but in larger engines 



exert a cooling effect o 




Fig. 18. 




Fl<3. 



the temperature of the cone is always reduced by water cooling (Fig. 13). 

Attempts have also been made to cool it by injecting water from below (Fig. 14), 
but the steam thus generated has given rise to other difficulties. 

In E 4 suction gas engines of about 15 HP (stroke = 12" ; p c = 14o lbs. per so,, inch ; 
p = 870 lbs. per sq. inch), it is necessary to cool the cone of the exhaust valve. 
(o) The Actual TemperatureB. 

The temperatures, in actual practice, of the walls of the cylinder and combustion 
chamber, and of the cone of the exhaust valve, if cooled with water in the usual way, 
can only be approximately arrived at, as no exact determinations have been made. 



Fig. IS. 
Cylinder and Com- 
bustion Chamber 
cooled with Water 
(Single-acting E i 
Engine). 




Fig. 16. 

Cylinder, Cylinder Cover, 

Exhaust Valve Box and Pipe. 

Piston and Piston Rod cooled 

with water (Double-acting 

D 4 Engine). 



If the cooling system is carefully carried out, the temperatures indicated in Fig 
16, should approximate to those realized in practice. 
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(d) Calculation of the Quantity of Water required to Cool a Oas Engine. 
IHP (Indicated Horse-power). BHP (Brake Horse-power). 

M = area in contact with the water, in sq. feet (calculated from the dimensions of 

the engine). For data for these, see Table III. 
Q = quantities of cooling water, in gallons per hour. 
U = temperature of cooling water at inlet ; / a = temperature of cooling water at 

outlet, in degrees Centigrade. 
t 2 — t x =z difference in temperature of the water at inlet and outlet. 



t m = 



'Ml 



/ + t 

- 2 = mean temperature of water varying from 15° C. to 50° C. according to 



*> 



the system of cooling adopted, i.e. whether fresh water is run through or 
water is circulated from cooling tanks. 
T,„ = mean temperature of the charge, from Table II., p. 144. 
T m — t m = actual mean difference of temperature between gases on one side and water on 

the other side of the cylinder (compare equation 2 and Table III.). 
Jc = coefficient of heat transmission, namely, the number of British thermal units 
transmitted to the water per sq. foot of cylinder area per hour, for each degree 
Centigrade difference in temperature (k depends upon the kind of metal 
used, its thickness, and the more or less vigorous circulation of the water). 
H = number of British thermal units transmitted from the cylinder to the water 
per BHP hour. 
Therefore— H x BP = (T m - t m ) xhM = Qxfe-f,). . . (2) 

- v. J «■ -» 

1 V - 

Quantities of heat Quantities of heat trans- 
withdrawn from mitted through the 
the gases. cylinder walls. 

If, as at p. 22, we take the normal, BHP = C X I) 2 x 
then- .xH-fc^lf 



Quantities of heat 
in the cooling 
water. 

Sxw . . . 



C x I) 2 x S 



(4) 



Table III. — Number of British Thermal Units per HP hour transmitted to the 
Water, and Maximum Permissible Number of Revolutions from equation 4. 
(D and S to be given in feet.) 



£ 4 engine. 



D4 engine. 



L> 2 engine. 



Piston not 
cooled. 



Piston cooled with ' 
water. 



If fresh water he used . . . T m — t m 
If circulating water be used . T m — t m 
Constant for suction, power, and "i ^ 

blast furnace gases j 

Approximate value of M 

Usual ratio in large gas engines of S: D 

British thermal units per HP hour \ 
transmitted to the water ... J ~~ 

If H = 4000, k = 68 .... ?*,„„. = 



I 820 c C. 
290° C. 

0-0655 

. 2-2DS + 3D 8 

1-1 
! 2 3,120 x k 

n x D 

370 

D 



320° C. 
290° C. 

00655 

2-2DS + 8-8D 2 

1-1 
* 26,670 x k 

nx D " 
480 

D 



Piston cooled 
with water. 



425° 
400° 

0-136 

4-8D 2 + 4D 3 

1-2 
22,950 x k 

nx k 
365 

D 



Piston cooled 
with water. 



460° C. 
430° C. 

0-285 

8-65DS + 4D* 

1-73 

11,820 x k 

n x D 
281 

ID 



If an excessive quantity of water be used (say 22 to 26£ gallons per HP hour), the number 
of revolutions may under favourable conditions be increased 10 per cent. 

In very large blast furnace gas engines the cooling of the engine causes considerable difficulty. 

In a Cockerill engine (E 4) D = 51" ; S = 55" ; n = 90, the consumption of fresh water per HP 
hour is 24 gallons. 

In a Nuremberg engine (E 4) D = 52" ; S = 55" ; n = 90, the consumption of fresh water per 
HP hour is 22 gallons. 
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To run the engine with less water has produced burning of the pitton ring* and prt-ignition. 

With siich a large consumption of water (22 gallons) t t - t, will work out = 12° C., t„ = 15° C. ; 
T„, — Ui will be about 4 per cent., le about 8 per cent., and maximum number of revolutions about 
10 per cent, higher. 

(e) Consumption of Cooling Water. 

Taking from equation 2 B.T.l'. x BHP = Q x (t 2 — t,} and making— 



H = 

H = 4800 



(.',: 



then— Q = - -_- f 

If for the heat transmitted to the 
as in Table IV. 



e take figures realized 



a per hour ....((!) 
i actual practice they work out 



Table IV.— Consumption or Water per HP per Hour. 





1 -( - 


85° 


ao° 


25' 20° , 15" 13° 


12 11 


10 degrees Centigrade 




Q:IHP - 


(i-35 




8-9 j 11-1 U-8 17*1 


IS'5 20'2 


22 '2 gallons per HP hour 




Q:BHP = 


7 « 


fW) 


10'6 1 13-8 1 17-7 ' 20-4 


22-2 


"A-/. 


so-e „ „ „ 


With 


BHP = 10, Q - 


12'2 


I4-.4 


17-0 1 21-3 28'4 I 32'7 


356 




42G cub. ft. per HP hour 




„ = 100.Q - 


122 


I4H 


170 213 284 327 


356 


387 


426 




„ =500,Q = 


610 


715 


850 1065 1420 1635 


I'/WJ 


1935 


2130 „ 



By retaining the number of revolutions per minute given in Table III., we get — 
If fresh water be used, (,— (, = 30° C. therefore consumption of water per BHP hour 89 gallons. 
If circulating water be Used,*,- (, = 13°C. „ „ „ ,, „ 20"4 „ 

(If the speed be increased, the consumption of water will also be greater (see bottom of p. 147). 

The opening for the inlet and outlet of the water should be calculated for the higher consumption, 
viz. about 20 gallons ; and about j gallon to 1 gallon of fresh water per HP hour should be allowed, 
to replace evaporation, if the water is circulated. 

Cooling the Piston. 

Of the water consumption given in Table IV., about 70 per cent, in large gas engines. 
is used for the breech end and the cylinder jacket, and abont 30 per cent, for the piston 
and exhaust valve. The water in the jacket should be at a pressure of 20 lbs. per sq. 
inch, that in the piston at 50 to 80 lbs. pressure. If the pressure is less, the necessary 
quantity of water cannot be forced through the parts which require cooling. 

About 120 HP is the limit of size in E 4 engines, below which it is not necessary to 
cool the piston. 



Pig. l is a diagram of the system of cooling the piston in a single-acting engine. To 
prevent one Bide of the piston rod getting hot, while the other side is cooled, the water 

• H = 4000 B.T.XJ. is the smallest number of heat units which can be withdrawn. Measurements 
of the heat under practical working conditions give B.T.U. = 4000 to 6000 for small, and 3600 to 
4400 B.T.U. for Urge engines. 
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is admitted and discharged through the centre of the rod, as at Fig. 2. It should be 
admitted at the bottom of the piston, and carried off at the top, to prevent air collecting in 

" pockets." 

As the piston travels to and fro the water in it 
and in the rod is flung about ; an air vessel is there- 
fore placed at the end of the cylinder, to cushion it. 
In engines in which the acceleration of the mass 
of the piston <j> is great (compare pp. 25 et seq.), 
an air vessel is a necessity, because the water 
carried to and fro in the piston follows the same 
laws of acceleration as a solid body. 

A usual arrangement is that shown at Fig. 3 in 
which the water is admitted through " trombone " 
pipes and a stuffing box. It enters the air vessel in 
the direction of the arrows, passes thence through the horizontal pipe into the piston, and is 
finally discharged into the waste pipe through slots at the back of the piston rod guide. 




Fig. 8.— Position of the Air Vessel. 



(f) Dimensions of Inlet and Outlet Water Pipes. 



If fresh water be used (from a spring or from the 
main), we may take — 

Quantity of water required — 

Q = 11 gallons per HP hr 

Speed of the water v = 3*3 ft. per second. 

Hence, Sectional area of the pipe — 

* 11 x 1728 x HP 

4 xd- - 3600 x 6 .24 X 39 

= about 0-0215 x HP in scj. inches. 

Diameter of the pipe — 

d = 0-165 x VHP in inches. d = 0346 x VHP in inches . (10) 

HP here denotes the BHP of the engine for one cylinder. 

From the above equation (10), the values in Table V. may in round numbers be 
calculated. 



If the water discharged be circulated and cooled 
and used over again, we may take — 

Q = 22 gallons per HP hr. . . (7) 
v = 1*5 ft. per second . ... (8) 



* _ 22 x JL728 xHP 

4 X 3600 x 6-24 x 18 

= about 0094 HP in sq. inches. (9) 



Table V.— Diameter of Cooling Water Pipes for Engines up to 110 HP. 



Horse-power of engine, HP=, 1 , 2 

Diameter \ if fresh water be used, d = V'\ V 

of pipes / if circulating water be used, d = I" I" 
Diameter of pipe connection, d = i" I" 



3 6 10 15 22 28 35 45 i 65 110 

1" 1" :i" - :i" J" 

3" i" ' it" it" if , + _ 4 ... 

J" 1" l|" ■ l\" 1J" I 2" 21" 2}" , 2J" 3!" 



2" l" . l" H" ij" i u" 12" 

it" 12" 2" 2J" 2J" 2j" 3.V 



In larger engines, in order to regulate the supply carefully, the water is admitted and 
discharged through separate pipes to the breech end of the cylinder and to the jacket. 
The sectional area of each pipe connection is | the value found by equation I). 
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In the smaller engines the water enters at the breech end, and passes out from the 
jacket, and therefore only one inlet and outlet pipe are necessary. 



Section V. The Connecting Rod. 

Gas engines are always built with cranked shafts (i.e. not with overhung crank pins), 
and therefore the big end or crank-shaft end of the connecting rod is fitted with a loose 
or adjustable cap or keep. The marine type (Fig. 12) is a favourite design with engine 
builders for this end of the rod. The small or piston end has sometimes a cap, sometimes 
a solid forged eye. 

Cap. 






Solid eye. 



g£ 



Figs. 1-4. — Design for Smaller E 4 Engines. 






f- @ up 



Adjustable oap. 




Figs. 5, 6. — Design for Larger E 4 Engines. 



Adjustable oap. 



A = Shaft or body of connecting rod. 

SmaU end (piston end) : BB, = brasses ; C = tapped hole for adjusting screw c; c = adjusting 
screw for brasses ; E = oil hole ; F = holes for cap bolts /; / = small end cap bolts ; G = cap or keep. 

Big end (crank-pin end) : JJ. = big end brasses ; K = cap or keep ; L = holes for big end cap 
bolts I ; I = cap bolts ; S = liner (see Fig. 12). 



Rules for Constructing the Connecting Rod. 

1. The ratio -^ — ?. CQI * pe — 2S varies from 6 in smaller to 5*5 in larger 

radius of crank r ° 

engines. The smaller this ratio L : r, the greater is the pressure on the cross-head 
guide, and therefore on the surface of the trunk piston in four-cycle E 4 engines 
(see p. 126). 

2. "Whether it is better to fit a solid forged eye or a cap or keep at the small end of 
the piston rod will depend on the available space, which in smaller engines is limited. 
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The cost of manufacture must also be considered. In general it is advisable to have a 
forged eve for engines up to about 12 inches cylinder diameter, and a cap (or keep) for 
engines above that size. 

In any case, to make sare that ample room 
is allowed for the connecting rod in all its 
various positions, care must always be taken to 
design the piston with the connecting rod attached 
(Fig. 7). 

From lack of space, and to reduce the 
diameter of the cap, it is often necessary to 
have four cap bolts (Fig. 10). 

8. Adjusting tlte brasses. To detect and pro- 
vide for the wear on the brasses of both the 
piston pin and the crank pin, they shonld be readjusted from time to time. The 
usual practice, to take up the slack between the brasses and the pin, is tojile away the 
surfaces where the brasses butt. 

(Id steam engines it was formerly customary to leave a space between the joints of the brasses. 
This space was filled up with a liner made up of several plates, so that one of these could be removed 
and the brasses could at any time be tightened up by the cap holts, without having to be filed. 
The joints are now always butted, and tightly bolted up.) 

A simple method of adjusting the piston-pin brasses by means of a set screw, where 
there is a solid forged eye, is shown in Figs. 8, 0. The disadvantage of this type of 
piston-rod end is that the brasses cau only be adjusted when the connecting rod is taken 



Fius. 8, 9.— Adjusting the 
Bearings for a Connecting Bod 
' End with Solid Eye. 



Pigs. 10, 11.— Small End with Cap or Keep. 



out and a strong set screw is also necessary. The back end brass B must be fairly thick 
(Fig. 9), as it bears on the flat end of the adjusting screw after the bearings are fitted 
together -, if this brass were thin it might bend or give way when the screw was tightened up. 
In the small end of a connecting rod with cap or keep, shown in Figs. 10, 11, the 
brasses are let together, i.e. the ends butted and the cap bolts tightened up. 



CONNECTING BOD. 

In the marine type of connecting-rod end 
there is a thin liner z (Fig. 12) which can easily 
be taken out, filed, and replaced in position. 

In most cases these liners are made np of 
several thin metal plates, for instance, say five sheet 
copper plates -fa inch thick, four of ~ inch thick- 
ness, two of j 3 - inch, and one brass plate £ inch 
thick, making a total thickness of £ inch. As 
the brasses wear away, one or more of these 
thin metal plates are removed, and filing is thus 
avoided. 

If the liner is shaped as at Fig. 13, one or 
more of the thin plates can be slipped ont of 
place withont drawing the cap bolts. 

4. To prevent the greatest stress coming on 
the threaded part, both in the marine and the 
cap type of end, the body oftfie cap holts is turned 
down to the same diameter as that at the bottom 
of the thread (see Fig. 12). 

Care must be taken to prevent the bolts turn- 
ing; this is usually done by patting a Bmall snug 
key under the head, the recess for which should 
not be inside, as at Fig. 14, bat outside the head, 
as at Fig. 15. 

Here, or at the side, the recess is easily made, 
and the metal cut away in this part of the jaw is 
not of much value. 

5. Nor must the brasses be allowed to turn 
in the jaw ; this is usually avoided by driving the 
cap bolt into the brass (see Figs. 1G, 17.) 

6. In large marine type ends four cap bolts, 
two on either side, are usually fitted. This 
arrangement gives a neater-looking end than 
where there is only one cap bolt on each side. 

7. For connecting rods with marine ends, the 
nuts for the cap bolls are very deep, and check 
nuts are often used to prevent the main nuts from 
slacking back (Fig. 19). 



#m 



FlO. 13.— Connecting Rod Liner. 
Fig. 14.— Wrong. 
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Where the small end is fitted with a cap the same result is obtained if the cap bolts 
are made with deep nuts, and split pins in the ends of the bolts (Fig. 18). 




Fig. 19.— Marine Type End. 



8. The same arrangement serves for locking t/ie nuts on Vie cap bolts on marine type 
connecting rods (p. 152), or special recessed nuts and check screws are fitted, as in Fig. 20. 
It is a good plan to use a gas thread, as the screws can be more firmly tightened np, and 
do not easily wear loose. 

Table I.— Measurements of Recessed Nuts and Check Screws for Cap Bolts in 
Marine Type Ends of Connecting Rods. 



Diameter oft 
bolt d =) 


r ' r r 


5" 


l" 


1J" 1{" la" 


ij"|ii"iir 


2" |2i"2i" 2|"| 3" 3J" 


11 = 
b = 
9 = 


T|f|* 
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Hi' 
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In*. 1 In.. In.. 

■Btt U. 


m 2 T; , n 

i J ' i 


'ill; 




9. The method of lubricating the piston pin 
is explained in the chapter on " Pistons " (pp. 128 

■ . - ' ■■■ 4k-- '' et seq.). 

The crank pin is usually oiled by a centrifugal 
lubricator (pp. 75 et seq.). 

10. When the brasses get hot (especially if of 
bronze), they have a tendency to close in at tlis joints 
and grip the pin. It is usual, therefore, not to allow 
the brass to bear right round the pin, and to bore it 
out about 4 per cent, larger than the pin. 

11. It is essential, when designing the end of 
the connecting rod, to determine the exact shape 
it will have when machined. Figs. 21-23 show 
how this is done, and need no further explanation. 

1 2. Connecting rods are usually forged from wrought iron or mild steel. 

13. Calculating the strength of the connecting rod. To make this calculation it is 
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necessary to divide the connecting rod into several parts, and consider the strength of 
each part separately. We will deal with — 

1. The snaft or body of the rod (a). 

2. The big or crank end (b). 

8. The small or piston-rod end (c). 

Table III. shows the maximum loads coming on the connecting rod, on which the 
calculations are based. 

Table III. — Maximum Stresses on the Connecting Bod. 



Single-acting engine. 



Double-acting engine. 



Maximum stress due to compression P = p x A = about 380 x A 



n* x r 



>> 



i» 



n 



tension . . P = 0-1W - ? ~- + (1 - p t ) A = 64A 



P=j)XA = about 380A 
P = p x A = about 880A 



For meaning of the different symbols used, see p. 59. 

It will be seen from this table that the stress due to compression in the rod of a 
single-acting E 4 engine is as great as that on the rod of a double-acting D 4 engine, but 
there is a great difference in the stress due to tension in the rods of the two engines. 

(a) Shaft or Body of the Connecting Bod. 

The shaft or body of the rod is usually of round or rectangular cross section 
(Figs. 42-48). (For very small engines cast steel I-shaped rods are often used.) 




Figs. 40, 41. 

The shaft is first treated as a strut, and its strength calculated under a breaking load. 
Referring to Fig. 39— 

Let d x d d. 2 = diameter of a round shaft in inches (Fig. 39). 

b = width, h x h h 2 = depth of a rectangular shaft in inches (Fig. 4(5). 
L = length of rod in inches (i.e. distance between crank pin and piston pin 
centres). 

J = moment of inertia of a round shaft having cross section t rf a ; or a 

rectangular shaft b x h in inches. 
E = modulus of elasticity in lbs. per sq. inch (for wrought iron E = 

29,000,000). 
m = constant for different piston speeds. 
P = maximum load due to compression in lbs. (Table III.). 

For a round cross section J = O'Ood 4 in inches 4 .... (1) 
„ rectangular „ J = ^b z h „ (2) 

10 y J y P 

Constant for different piston speeds m = — p— — tt - (3) 

Table for the Conversion of Bound into Rectangular Cross Section. 



h:b 

bid 
h'.d 



1-5 

0-79 

1-19 



1-75 
0-76 
1-33 



2 

0*74 

1-48 



2-25 
0-72 
1G2 



25 
0-7 
1-75 
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The constant m depends upon the number of revolutions or piston speed. Table IV. 
gives its usual values. 



^ 



Table IV. — Constant m. 



Piston speed in ft. per minute c = 

Constant m — 




800 
10 



For the smallest cross section of the rod we must also know- 



_ . compression load by Table III. . „ , v 

Stress due to compresswn k e = BmaAle8t cr088 S ection of rod mlbs ' ?***' m - < 4 > 



, , tension by Table III. 

Stress due to tensum k t = — xS ^——^— r — 



» 



» 



(5) 



Allowable stress or safe working load k t = 7000 lbs. per sq. in. . . (6) 

In single-acting engines the stress due to tension is generally so small that it may be 
neglected. 

The stress due to the inertia of the rod may be determined from the formula (in 
Haeder's " Konstruiren und Rechnen," 3rd Ed.) — 

/ n V L a 

For circular section k h = 0'49 I Jqq ) X r x -i in lbs. per sq. inch .... (7) 



For rectangular section k b = 0*866 (jqq/ 



n V 



L 2 
Xrx 'h 



1? 



i» 



- (7A) 



when n = revs, per min. ; r = radius of crank in feet ; L = length between centres of 
connecting rod in inches ; d = diameter of connecting rod in inches ; h = depth of 
connecting rod ; b = breadth of connecting rod in inches. 



The combined stress works out at k = k e -f k t 



(») 



Figs. 42-44.— Shaft with Bound Gross Section. 



Allowable stress or safe work- 
ing load for wrought iron 
k = 8400 lbs. per sq. inch. 

(») 

It has a neater appearance 
if a round rod is made to 
taper from a larger diameter 
at the crank end to a smaller j 
one at the piston end (Figs. 
42-44), thus — 

d 2 = Vld] ' ' ' ( U) > 

For engine8 above 50 HP Figs. 46-48.— Shaft with Rectangular Cross Section. 

the shaft of the rod is often 

made rectangular in section, as in Figs. 45-48, where — 

It : b = 1-5 to 1-7 (11) 

!;;:Sl w 
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. 1*. — Required to find the size of the shaft or bod; of a connecting rod for a single -acting 
four-cycle gas engine (B4 1 cyl.) having; a cylinder of 15$" (or 400 mm.) diameter; stroke = 213" 
(or 660 mm.) ; running at n = 175 revolution's per minute. 

From Figs. 39, 40, and Table II. and IIa. (pp. 154-157), d, = 3$" (or 95 mm.) ; d, = 4J" (or 



3j" + 4)" 



' (or 1575 mm.); and from Table II. (p. 2 



530 kilos). 

From Table III. t Stress on the rod due to comprmMm =380 lbs. x ^ x 15^=194-8x380=74,000 lbs. 



xl5f = 194-8x64= 12,500 lbs. 



From equation I: Moment of iuertia J=0-05x4J*=0-05x290= 14-5 

„ ~ . . 10x14-5x29,000,000 . i ,. 
3 : Constant m - -, ,„-, — g^ — - = about 1 5 



4 : Stress due to compression k r = -■■■ ' = 6700 lbs. per sq. inch. 

ixsr 

5: Fewife stress k,= ' =1130 lbs. per sq. inch. 

7 : *>=0-4S x(f^) x0-9' x ~ = 1260 11*. per sq. inch. 
8:A=67CO+1260=79601bs. per sq. inch. 

(b) Big End (or Crank-pin End) of the Connecting Rod. 

As the engine is usually made with a cranked shaft, there is always a 
cap or keep to the head of the connecting rod. 

This is generally turned at the end, but in order to determine the 
cross section and modulus of resistance quickly and simply, it is usual 
to consider the actual section as if it were rectangular (Fig. 49) and so 
take the mean depth at — 



I- A, 



(13) 




a 



1. The Marine Type Big End, with Cap (Fi 



Figs. 50-52. 
End with * = 2 Cap Bolts (p. 160). 



50-52). 

The stresses coming on the cap due to bending (Sec- 
tion I.) must be determined from the maximum Toad P, 
Table III. In a single-acting engine this load is very 
small, and the cap or keep may be made lighter than that 
of a steam engine. 

With reference to Figs. 50-52, let — 
a = diameter of jaw (outside diameter of brasses) 

in inches. 
I = distance between centres of bolts in inches. 
6 = width of cap in inches. 
h and c = thickness of respective cross sections, deter- 
mined from equation 13 and Fig. 49, in 
inches. 
P = maximum load due to tension, from Table III. 
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For Cross Section I., according to Bach's formula — 

Bending moment M 6 = 0*5 P^ " f) inct " ,b8 ( 14 ) 

bh* 

Modulus of resistance Z 6 = — (15) 

i> 

M 

Stress due to bending k b = — * lbs. per sq. inch .... (16) 

Allowable stress or safe working load 7c b = 8500 lbs. per sq. inch .... (17) 

The tensile stress on the cap bolts at both ends of the rod must also be calculated, and 

varies from zero (during the working stroke) to stress P, Table III. 

If s = diameter of the bolt at the bottom of the thread in inches, and z = number of 

bolts e 9 then — 

p 

Tensile strength k t = — in lbs. per sq. in (18) 



IT 



(19) 



Allowable stress, k t = 4200 to 5600 lbs. per square inch . 

(c) Small End, or Piston Pin End. 

Here, as already mentioned, we shall have to deal with both the solid forged eye type, 
and the type with adjustable cap or keep. 

1. Small End of Connecting Rod (Solid Forged-eye Type). 

Cross section I. must be calculated 
for stress due to bending. 

Cross section II. must be calculated 
for stress due to tensi&n, from the tensile 
stress P, Table III. 

In Figs. 53-55 let — 
a = diameter of jaw in inches. 
I == a + c = length of correspond- 
ing arm of beam in inches. 
b = width of connecting rod end, 
inches. 
h and c = thickness of respective sec- 
tions determined from equation 13 and 
Pig. 49. 

Then for Cross Section I. — 




Figs. 53-65. 



Bending moment M 6 = 0*5 P ( „- — ^ j inch-lbs (20) 

(*1) 



Modulus of resistance Z b = -~r ; Ic b = yr 

b L b 

For Cross Section II. — 



(22) 



Tensile stress k t = m yr- in lbs. per sq. inch .... 

Allowable stress or safe working load — 

h b = 8500 lbs. per square inch (23) 

*t = 4200 „ „ (24) 
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2. Connecting Bod Small End, with Adjustable Cap. 

Figs. 56-58 illustrate a type of end similar in principle to that given in Figs. 50-52. 
Keeping the same lettering as at page 1 60, the dimensions can be determined in the 

same way. 

Thus taking the tensile stress P, Table III., 
p. 157, for Cross Section /., we get — 




M. 



= 0-5P(g - |) inch-lbs. . . 



Z.= 



*.= 



bh 



(» 
M„ 



Allowable stress — 
h = 8400 lbs. per sq. in. ; k t = 4200 lbs. 
per sq. in 

P 

Cap bolts k t = — 

•5' 



(25) 
(2G) 

(27) 



in lbs. per sq. in. . 



(28) 
(29) 



Figs. 66-58. End with z = 4 bolts. 



Allowable stress, 4200 to 5600 lbs. per sq. in. (30) 

Example. — Required to design a connecting rod 
with adjustable cap at each end for a four-cycle gas engine (B4 1 cyl.) with cylinder diameter 
400 mm. = 15$", stroke 550 mm. = 21f "• 

The crank pin is 185 mm. or 7£" diameter, and 185 mm. or 1\" long. 

The piston pin is 125 mm. or 5\" diameter, and 200 mm. or 7 J" long. 

According to the example given on p. 159, the stress due to compression P will be 74,000 lbs., 
and the stress due to tension 12,500 lbs. per sq. inch. 

(a) Marine Type End. 

Referring to Figs. 50-52 and pp. 155, 156, we get — 

a = 185 + 2 x 28 = 241 mm., or 7i" + 2 x l£ = 9i". 
b = 140 mm. or 5*" ; e = 40 mm., or 1A". 
I = 185 + 2 x 42 mm. = 269 mm., or 7J" + 2 x lg" = 101". 

Number of bolts z = 2. 

From above figures c = 43 mm., or 1£" ; h = 45 ram. or 1J". 

Wherefore* by equation 14-. M» = 0-5 x 12,500 (5}" - 2g") = 18000 inch-lbs. 



>» 



»» 



» 



»> 



>» 



»» 



15 : Z b = 5L* f 1 *) 1 = 2-8 cubic inches 

o 

16 : h b — * = 6460 lbs. per sq. inch. 



Allowable stress from equation 17, 8500 lbs. per sq. inch. 
From p. 155, area of the bolts at the bottom of the thread s = 1*472 sq. inches (i>. 1§" bolt). 
Therefore by equation 18 — 

h = 2rx^p472 = 425 ° lb8 ' per **• inCk 
Allowable stress or safe working load, from equation 19, up to 5600 lbs. per sq. inch. 
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(b) Small End (Piston End) with Adjustable Cap. 

From Table II., p. 155, and Figs. 56-58— 

a = 130 + 2 x 18 = 166 mm. or 5£" + 2 x \\' = 6£" diameter. 
b = 160 mm. or 6,y ; e = 29 mm. or 1 J". 
/ = 125 + 2 x 28 mm. = 181 mm. or 5J" + 2 x 1 J" = 7g". 
& = 32 mm. or 1£" ; c (from the drawing) = 35 mm. or If". 

Number of cap bolts z = 4. 

Wherefore by equation 25 : M A = 6250 (3£" - 1 J") = 12,500 inch-lbs. 

26 : Z h = 6 ^ X 6 (1 * ) - = 1*65 cubic inches. 

>» ,» 26 : Ar A = /g,.- = 7570 lbs. per sq. inch. 

Allowable stress 8500 lbs. per sq. inch, from equation 28. 

From p. 155 : Area of each cap holt at the bottom of the thread * = 0-697". 

By equation 29 : k t = . 'q. 6 q 7 = 4600 lbs. per sq. inch. 
Allowable stress from equation 30, 5600 lbs. per sq. inch. 



Explanation of Table IV., p. 163. 

To make the subject clearer the dimensions of the connecting rod, crankshaft bearings, 
crank pin, piston and piston pin, or cross head, have been tabulated in Table IV. Besides 
the maximum piston loads (see Table III., p. 157), this table also contains the constant m 
for the connecting rod, and the values of F, q, and q max., which determine the pressure 
on the bearing, causing it to wear or to run hot. 

With the help of this table, if the maximum load on the piston is known, it is possible 
to determine the corresponding dimensions of the engine. If the number of revolutions 
in a given engine differs from the values in column 4, the dimensions of the crank-shaft 
bearings and the crank pin are determined from the friction work F (i.e. load on the 
bearings per sq. inch x circumferential velocity of the pin in feet per second x by the 
coefficient of friction = 0*05). Thus, taking n x as the speed of the engine in question — 

~ X F ft.-lbs. per sec. per sq. in. of bearing .... (31) 
n 

(n = number of revolutions given in the table, F to be taken from the table for 

dimensions of crank pin and maximum piston load corresponding to this speed.) 

The figures thus obtained when checked by the calculations at p. 97 et seq., show 

whether the safe working load has been exceeded or not. 

As regards the figures printed in italic type, note that they refer only to engines built in 
special workshops, where engines of this size exclusively are made. In general it is advisable, for 
engines the dimensions of which are printed thus, to take the dimensions of the engine of the next 
size larger, having the same stroke. 
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Section VI. The Flywheel. 

It is often said that a gas engine requires a very much heavier flywheel than a steam 
engine, and can never be ran with the same degree of uniformity. For the same reason 
the mechanical efficiency of a gas engine is less than that of a steam engine. 

The subject cannot be dismissed in such a cursory way, and a distinction must be 
made between the four following working conditions : — 

1. Degree of irregularity (or of uniformity) in running at full load, the load remain- 
ing constant. 

2. Degree of uniformity at less than full load, the load remaining constant. 

3. Fluctuations in the speed, with variations in the load. 

4. „ „ „ rapidly repeated variations in the load. 

1. Degree of Irregularity in running at Full Load, the Load remaining 

Constant. 

The method of governing has a great influence on the degree of irregularity S (at 
constant load), and therefore on the weight of flywheel required. The following con- 
siderations will make this clearer. 

We will suppose that several developed diagrams taken from the same engine are 
plotted consecutively, as shown in Table I. The more regular the curves (that is, the 
more closely they approximate to a straight line), the lighter will be the flywheel required. 

Table I. — Diagram showing the Fluctuations in the Power developed in a 

Single-cylinder Gas Engine. 



Type. 



Single-acting 
-Four-cycle. 



to 

o 



Method of , Load. •*-, — — — 20 P/ston Strokes 



Governing. 



Full. 



^ ; • k 



— >. 



Hit-and-miss, i v ; 

Quantitative i Half, ^v 
or Qualitative | 

Half. ^*- 



'X 



<-' 



i f 






• ki : ' nj j : K; , ■ nj 

k. i : n* i i Nj : ! ^ 



sJ ' I 



! k. : 



±J 



Double-acting 
.Fowr-cycle. 



Quantitative 
or Qualitative 



PuU 



. Is ! KM ' N^ I KM I NM ! KM 



•. i 



I 



Half. h> ! hH I KH I SKi j hhi 



OJ 



Double-acting 
Tivo~cycle with 
separate charg- 
ing pump. 



Steam Engine. 



Quantitative | ^ kkkkkkkkKkkKkkkk^kK! 
or Qualitative. Half. 



Expansion 
rear. 



CD8 

G< 



FuU. 
Half. 




. 2Q pj s j. e7? strokes 



Although hit-and-miss governing gives a more economical consumption of gas, in au 
engine running at normal or light load, the explosions when produced being always of 
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the same strength, to govern by varying the quantity or quality of the charge is more 
usual, because it gives a greater degree of uniformity, as shown in Table I. 



Table la. — The Degree of Irregularity 8 is expressed in — 

Decimals, i.e. 8 = 0-005 0-007 0'01 0*012 0-015 0-02 0*025 0-03 
Percentages „ = 0-5% 0-7% 1% 1-2% 1-5% 2% 2*5% 3% 



0-04 

4% 



Fractions „ = ^ta jh t&<f aV A A A A 



25 



r.Ji 



[nstnlr* 



0-035 
3'5% 

A 
Degree of Uniformity 1 : * = 200 143 100 83 66 50 40 33 29 

The degree of irregularity in running affords a scale for determining the variations in 

the speed ; 8 shows 
these variations for 
a single stroke of 
the piston, and is 
determined, under 
given working con- 
ditions, by means 
of the tangential 
'pressure diagram, 
pp. 34 et seg. For 
this calculation the 
main dimensions of 
the engine, weight of the flywheel, and an indicator diagram to scale are required. 

According to the data given on pp. 34 et seq. — 

ub = equivalent rectangle. 

Sir 
t*-y = length of base of the rectangle reduced to the circle described by the crank in feet. 

b = height of rectangle in lbs. per square inch. 
Let A denote sectional area of the cylinder in square inches. 




Fig. 1. 



S 



n 
V 

IHP 
BHP 



stroke of the engine in feet, 
number of revolutions per minute. 

circumferential velocity of centre of gravity of the rim in feet per second by equa- 
tion 2, p. 39. 
maximum output of the engine (indicated horse-power). 

„ ,, „ (brake horse-power), 

degree of irregularity in running, to be allowed for, at maximum load ; a only 
sIiowb the fluctuations in the speed when the power developed is a constant, not at varying loads. 

u AS 1 
Therefore by equation 4, p. 39, weight of flywheel rim W = 92 x -, b .^ x ^ 

Inserting in this equation the value A = ^^ (1) 



V 



Pi* 



4/ II H r 

the weight of the rim works out at W = 1,518,000 j x b x — x , 7 ^ 



IBS • • ' 

"60 

1 IHP 1 
x - 



(2) 



(Here p t = ^ x pm is the mean pressure on one working face of the piston throughout the 



stroke. See Table II., p. 20.) 

To avoid verv high numbers in Table II., let — 



100 x i = 1,518,000 x fj x b ) x - 1 - 



Pi 

and the result is the same equation as in the Author's book on " Steam Engines. 

IHP 1 



Weight of the rim W = 100 x i x ^ 



«o 



(3) 



W 
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If, as at p. 173, we use the expression denoted by SB X 5 2 and V = -$] - be inserted i 
equation 4, then — 



60 



in 



m X $ 2 = ^ X 100 X » X IHP x i in Ibs.-feet 2 ... (5) 
n o 

V = circumferential velocity in circle described by centre of gravity of rim section 
in feet per second. 
IHP = indicated horse-power ; n revolutions per minute ; 8 degree of irregularity ; 

k- degree of uniformity ; JJ diameter of circle described by centre of gravity 

of the rim in feet. 
SB = about 1'lW, weight of the masses in rotation in lbs., from p. 173. 

The values calculated with the help of the diagram of tangential pressures at p. 34 
ef seq. work out as follows : — 

Table II. — Values of i for calculating the Flywheel according to Equations 4 and 5, 

taking account of the Degree of Irregularity S . 





Four-cycle (gas engine). 


Two-cycle (gas 
engine). 


Steam engine. 




Single-acting. 




Single- ! Double- 
acting. | acting. 

i 


Single 1 Tan- 
cyl. 1 dem. 


Com- 
pound. 


Triple. 




Doable-acting. 


2crks. 


3 crks. 


Number of cylinders. 


1 


2* 


4 


1 


2 


4 


1 


l 


2 

164 
46 

i 


1 


2 


2 3 

1-85 1-4 

28,000 21,800 

22-7 255 
1233 886 
1375 980 


3 


j X b = 
1,518,000 u 

ioo x i x °- 

j>j=lbs.per sq. in. 
i calcu-\ IHP 
latedfor/ BHP 


28*4 

432,000 

20-6 
21,000 
25,000 


24-5 

872,000 

41-1 

9050 

10,440 


6-25 

94,500 

82-2 
1150 
1310 


38-5 

584,000 

41-1 
1420 
1650 


9-5 

144,000 

82-2 
1750 
1990 


5*4 

82,000 

164 
500 
550 

1 


2-5 

380,000 

41-1 
9280 


82-2 
860 


5'4 

82,000 

40 
2050 
2280 


2-85 

43,200 

22-7 
1902 
2120 


0-85 

12,900 

25-5 
506 
562 



Example from Table n. — To calculate the weight of the flywheel rim, in a double-acting four- 
cycle two-cylinder gas engine, it would be necessary to make % (equation 4) = 1750 if the IHP, and 
= 1990 if the BHP be taken. 

The difference between steam engines and gas engines in this respect is shown by the values of i in 
Table II., and still more clearly in Table III. (next page). 

Writ Example from Table m. — To make a single-cylinder four-cycle gas engine (type a) run 
with the same degree of uniformity as a single-cylinder steam engine, the flywheel would have to be 
9*3 times heavier, or have a circumferential velocity ^fiHi = 3*05 times greater than that of the 
steam engine. 

Second Example. — A two-cylinder four-cycle gas engine (type c) requires a flywheel seven 
times heavier than a compound steam engine. 

Third Example. — A four-cylinder double-acting four-cycle gas engine — 

with 90° angle of the crank requires a flywheel 09 times the weight ) of the flywheel of a 



>» 



180 c 



>» 



» 



j» 



» 



2-9 



n 



19 



J triple steam engine. 



* A twin vis-a-vis four-cycle gas engine (Type 6, Table III.) has a flywheel of the same size as a 
double-acting four-cycle engine (Type /, Table III.). 
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Table III. — Comparative Weights of the Flywheel in Gas and Steam Engines. 

(The numbers show how many times greatei the weight of the flywheel must be in gas engines than 
in steam engines, for the same power IHP, circumferential velocity V, and number of revolutions n.) 



< 

e 



a 

1 



to 

e 

55 



to 

a 



4 

3 

© 



Type. 



(a) 



<*) ; 




SS--^5 



W 



(<*) 



W 






(/) 



(?) 



(*) 



W 




Single cylinder. 



B- 



9-3 



6-3 



0-5 



6-3 



086 



Stkam Enoinks. 



Tandem. 



Compound. 






10 



6-7 



16 



11 



4-3 



0-55 



0*9 



G-7 



11 



0-84 



1-85 



Triple. 






38 



26 



16-5 



26 



8-2 



0-22 0-24 0*38 09 

(0-7) (0-76) | (1-2) (2-9) 

The upper numbers apply to cranks set at an angle of 90°. 
The lower .. .. .. 180° 



»i 



>» 



i» 



2. Degree of Irregularity at Light Loads, the Load remaining Constant. 

(a) Hit-and-miss Governing. 

This (the oldest method of governing, and the most economical as regards the con- 
sumption of gas) is only applied to gas engines for industrial purposes ; for driving 
dynamos it would require an impossibly heavy flywheel. With this system, as already 
explained at p. 19, wnen the governor is in its highest position the gas valve is held 
closed from time to time ; no gas can enter, and no explosions can occur. The time 
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elapsing, in other words, the number of piston strokes intervening between two explosions, 
is thus increased. In an E 4 engine the explosions at full load succeed each other every 
four strokes, or, what is the same thing, each working cycle comprises two revolutions of 
the crank shaft. 

Supposing, for instance, that such an engine is running at half-load, a certain number 
of explosions must naturally be missed, and in theory each ignition should be followed 
by a missfire. 




1 2 3 4*678 9 



r* T>T\ 

L Cut srroki 

U» — - • 



I 



t ' f J' 4' 5' 8* 1* I' 9' It* 

- T'fl »•*••• P'Tf 

- In STroke »i* Out SfroKt'— ~ - 



r 2' rv s'*?' a' »• 



I 



• -Mr~- 

In Stroke 



._..,.«. f 



Fig. 6. — Diagram of Tangential Pressures (or Turning-moment Diagram). 

Fig. shows the tangential pressure or turning moment diagram of an E 4 single- 
cylinder engine, for one working cycle (see Fig. 9, p. 38). At full speed, therefore, this 
diagram would be consecutively reproduced, and each cycle of work would be spread over 
four piston strokes. If the engine is run at half load, the cycle of work will occupy 
twice the time, and be distributed over eight strokes (Fig. 7). To draw correct conclu- 
sions from the work of the engine, we must assume that it is governed with absolute 
regularity, and that missfires alternate invariably with explosions. Deviations from this 
regular sequence of operations would render a proper study of the conditions impossible. 




•■> i •#■*••* ■•%•»■ 



Fig. 7. — Diagram of Tangential Pressures for Eight Piston Strokes (at Half Load). 



In this pressure diagram (Fig. 7) the mean resistance BC is naturally less than at full 
load, that is, the line CCi approximates more closely to the line of no pressure BB„ and 
thus the equivalent rectangles are larger. According to the method described at pp. 39 
et seq., the largest of these rectangles is taken as the basis for calculating the weight of 
the rim for a given degree of irregularity, S . The larger this rectangle, therefore, for the 
same 8 , the heavier will be the flywheel required (see equation 4, p. 39), or, if the weight 
of the flywheel is not increased, the greater will be the degree of irregularity 8 , i.e. the 
less satisfactorily will the engine work. 

If the diagram of tangential pressures (or turning-moment diagram) be drawn for the 
engine at full load, the increase in the size of the equivalent rectangles, due to diminutions 
in the load, and hit-and-miss governing, may be numerically determined as follows : — 

The work done in the cylinder during one stroke to and fro is taken at — 

X 2 sb A X p m X 2r (6) 
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The work of resistance R, which of course = X r , is in an B4 single cylinder engine 
spread over a distance of 2 x I = 4nr (Fig. 6), and if the length BC = mean resistance 

per square inch^ we get — 

X 7 =R=A^2Z = ApJLnt (7) 

then Ap m 2r = Ap w ±rir (8) 

and at full load — 




-P 



(9) 



p w = £ for E 4 single-cylinder engines 

For double-acting and multi-cylinder engines 
equation 9 is written thus — 



P» =', 



T X 2ir 



(10) 



where z = sum of the cylinder ends in which work 
is done, and — 
T = number of strokes (see page 20). 
(The same values are obtained if the curve of tangential pressures is planimetered, as 
described in Chapter V.) 

If the engine is run under light load p„ becomes less, because the distance over which 
R is distributed is greater (compare Fig. 7). Thus at half load, according to Fig. 7, 

we get— X x = R = Ap w 4l = Ap w Snr (11) 



and hence — 



P 



»H 



(12) 



01 



Example. — Let us take the example given at p. 40, and determine the degree of irregularity 5 L 
the mean pressure on the piston, with a pressure of explosion of 370 lbs. per sq. inch being p m = 90 lbs. 

per sq. inch. 

90 
From equation 9 at full load p„ = -j- = 14J lbs. per sq. inch. 

90 
„ „ 12 at half load 2>« = -r- = 7} lbs. per sq. inch. 

The largest equivalent rectangle (see Fig. 8) will thus be (14$ —7 J) x u larger in ft.-lbs. 
According to the example given at p. 40, u = 0*131 ft., b = 65 lbs. per sq. inch j therefore the 
equivalent rectangle at half load will be — 

n x b + (14* -l})x« = 0-131 x 65 + 7} x 0-131 = 9-45 lbs.* per ft. 

As equation 4, p. 39, gives *o = ^ x j- x ~V* x W ( 13 ) 

therefore at half load— 

, no H5 113x1-33 1 1 . 1 ^ rill , 

= 0-29 x 72^ X 6280 = 72 as a S ain8t 80 

(For meaning and value of the different symbols, see pp. 39 and 40.) 

Table IV. shows the effect on 8 of various loads, the load being assumed to be constant 
at each of the different powers developed. 

Table IT.— Values of 8 at less than Full Load, the Load remaining Constant at 

each Change. 



Hit-and-miss governing . 
Quantitative or qualita- 
tive governing . . . 
Under unfavourable conditions it is pos 
sible to have . . . 



1 Full load 

i 

Degree of \ = 5 

irregularity/ = 5 



I 



1-85, 



0-85 0-75 



l-085 
0'975 



l-065 
0-945 ft 



1"7«. '1-65, 




0-20 of fun load 

1"185 
O-825 

1-2*. 



* This value should be used for u x b at full load. 
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In actual practice, however, when governing is by hit-and-miss, the ignitions do not follow each 
other in regular sequence. Not unfrequently also, when the engine is running under light load, 
ignitions are missed, even when the governor acts by varying the quantity and quality of the charge. 
It is to these spasmodic ignitions that the degree of irregularity shown in the last line in Table IV. 
refers. 

(b) Quantity or Quality Governing. 

With this method of governing the working conditions are different to those 
described under head a. The ignitions always follow each other in the sequence pre- 
scribed by the working cycle, but the areas of the diagram are reduced in proportion to 
the smaller output of the engine. The equivalent rectangles also vary and become 
smaller, the degree of irregularity is less, and the efficiency is improved (compare bottom 
line of Table IV.). 

If an engine with hit-and-miss governing is not to exceed a certain degree of irregu- 
larity even when run at light loads, and if, as is usual, the weight of the flywheel is 
determined from the maximum output, a lesser value of S must be chosen from 
Table IV. than that corresponding to full load, in order to obtain the requisite 
steadiness in running at light loads. With quantity or quality governing it is sufficient 
to take the degree of irregularity at maximum load as a basis for determining the weight 
of the flywheel, because, as shown in Table IV., b\ improves as the load diminishes. 

3. Fluctuations in the Speed with Variations of Load. 

The degree of irregularity So affords an index to the fluctuations in the speed when 
the poiver developed by the engine remains constant In engines in which the output 
varies more or less rapidly, 8 Q does not form a guide for regulating the speed. 

The kinetic energy stored up in the flywheel, in other words, the 

Energy of the Flywheel 

here plays an important part. Let — 

V be the circumferential velocity at normal speed, in feet per second. 
v „ „ „ at diminished speed, in feet per second. 

t ,, time in seconds during which the speed diminishes, in other words, the 
time elapsing while the circumferential speed falls from V to v. 

iESH V 2 . 
Then E = — x -^- in ft. -lbs. is the kinetic energy of the rotating masses of !the flywheel at normal 



* 



speed (see p. 173) (14) 

28H Y 2 — v 2 1 
HP f = 5J3 x — x — x- = HP developed by the flywheel while the speed is 

diminishing (15) 

(Thus, to determine HP, it is necessary to know the time t and the difference between the highest 
and lowest speeds V — v.) 

Let us take, for instance, a modern steam rotting mill, in which the output varies greatly. 
Taking the normal power developed = 1500 HP, maximum power 1*35 x 1500 = about 2000 HP, 
n = 100, weight of the flywheel, including that of the arms ©51 = 88,000 lbs., circumferential speed 
of the rim V = 130 ft. per second. For the work done by the flywheel as the power required for the 
rolling mill increases, we get the following : — 

* For meaning of 221, see p. 173. 
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Table V.— Work done by the Flywheel, @B = 88000 lbs. V = 180 ft. per second. * 

88 000 130 a 
(Energy of the Flywheel -^- X — = 23,300,000 ft.-lbs.) 



Speed falling from 



1U0 to 90 revs. 100 to 80 revs. 



Change of speed = 



10* 



20* 



100 to 50 rev*. 
60 £ 



100 to 30 revs. 
70* 



loo to zero 
revB p. m. 

100* 







HP.= 


HP,= 


1 

' HP,= 


HP,= 


i 

. HP,= 




/ 1 second 


8050 


15,300 


81,800 


38,600 


42,400 


THtyia in wliirtli 


8 seconds 


2690 


5,100 


| 10,600 


12,866 


14,130 


the change of 
speed is effected. 


' 5 „ 


1610 


3,060 


I 6,360 


7,720 


8,480 


ilO „ 


805 


1,530 


3,180 


8,860 


1 4,240 


20 „ 


402 


765 


; 1,590 


1,930 


! 2,120 


t 


30 „ 


269 

i 


510 


| 1,060 


1,286 


1 1,413 



If, for instance, the speed of the engine here considered falls in five seconds from 100 
to 90 revolutions, the flywheel, according to Table V., will develop 1640 HP. 

In practice it sometimes happens that the work done by the flywheel is occasionally 
much greater f than the normal output of the engine ; and for this reason the HP 
printed in thick type in Table V. have often been obtained under working conditions. 

Practically at the same time (after perhaps a second's interval) the governor falls to 
its lowest position, showing that the maximum load has been thrown upon the engine. 
Thus with 10 per cent, variation in the speed we get — 



Mean output = 

Work of the engine 0*95 x 1*35 x 1500 = 
„ „ flywheel 



1 + 0-9 



= 0-95 



about 1920 HP 
. . 1610 „ 



Total 



3530 



» 



If the engine were required to develop this power without a flywheel, the sectional 

3530 
area of the motor cylinder would have to be tq^ = 1*8 times larger, whether the engine 

were driven by steam or gas. 

* Translator's Note. — These flywheels are of course built-up steel flywheels ; the maximum rim 
velocity for a built-up cast iron wheel is 90 ft. per second. 

t The figures printed in black type in Table V. occur in ordinary practice in every rolling mill. 
It has been observed, however, that the work of the flywheel may be as much as eight times greater 
than that in the motor cylinder of a steam engine. 

The power developed by the engine and the energy of the flywheel must supplement each other , 
that is, the less the work done by the engine the greater must be the energy of the flywheel, and 
vice versd. But in any case the amount of work done by the engine, when running light, must be 
sufficient, when combined with the work of the flywheel, to allow the engine, within the allotted time, 
to resume its normal speed. To determine this point observations must be made on engines while 
running. 
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Degree of Uniformity ? and Energy of the Flywheel. 

Oo 

An engine may work very steadily, for instance with a variation, as is often required 
for driving dynamos, of *- = 250, and yet be of no use if run with rapidly varying loads, 

say in a rolling mill. 

What is the reason of this ? 

Because it is not only the degree of uniformity, but as already shown, the 
kinetic energy stored up in the flywheel, which must be studied to explain the 
anomaly. 

According to equation 14, the kinetic energy in the rim of the flywheel at normal 
load, and thus the — 

Energy of the flywheel per HP is ~ = ^— x *g-^"in ft-lbs. (16) 

Degree of uniformity ^ = ^ X ] X ^J- . . (17) 

Thus the energy of the flywheel increases as the square of », the degree of uniformity as 
the cube of n. 

What conclusions respecting gas engines may be deduced from our study of flywheels 
in the preceding pages (164-171) ? 

1. If a given degree of uniformity jr is required (as for driving dynamos, spinning 

mills, etc.), gas engines must have heavier flywheels than steam engines (see Tables II. 
and III., pp. 166, 167). 

2. In engines run under varying loads, but in which the degree of uniformity is not 
a point of great importance, the flywheel need not be heavier than that of a steam engine, 
as it is the energy stored up in the flywheel which has to be considered. The output of 
the engine should be rated from 1*3 to 1*4 times higher than the normal output of a 
steam engine of the same dimensions. As far as the action of the flywheel is concerned, 
there is noifiing to prevent the use of blast furnace gases for driving rolling mills, if the 
power developed by the engine is rated from 30 per cent, to 40 per cent, higher than 
that of a steam engine doing the same work, and having a flywheel of the same dimensions. 

3. For engines for power purposes, with varying loads, and which are used at the 
same time to drive dynamos for electric light, the rule given under head 1 applies, since 
in both cases the degree of uniformity 8 is the main point to be considered. 

Further, if n and 8q be given, the energy of the flywheel can be directly calculated by 
combining equations 16 and 17, thus — 

4-0 v i 1 

Energy per IHP, E + IHP = -^-^ X j-in ft-lbs. per HP (18) 

Here again it is obvious that the energy of the flywheel E -r HP and degree of 
uniformity «- do not stand in direct ratio to each other, but are affected by the number 
of revolutions n. 
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The method of calculation in me hitherto, namely, to take the degree of uniformity 

fit, 

as a basis for determining the weight of the flywheel, even in engines run at varying 
loads, must yield erroneous and misleading results. • For this reason the energy of the 
flywheel necessary to develop the UP required in different industries, and the values of 

g-, calculated from equation 18, are shown Hide by side at p. 177. 

Moment of Rotation of the Flywheel. 
Let SB be the weight of the rim and arms reduced to the circle described by the centre 
of gravity of flywheel rim, in lbs. 

Let 3p be diameter of circle described by the centre of gravity in feet, 
( or diameter of gyration, then the value 0& x jp* is called the moment 
i of rotation, in lbs. per foot 2 . 

| This expression represents the effect, and therefore the characteristic of 

a flywheel for a given engine, since according to equation 5 it is pro- 
portional to the degree of uniformity «-, if n be the same. The moment 

of rotation §B x jfH in lbs. per foot 1 is always used for calculation in electrical 
work. If .the engine is coupled direct to the dynamo, the moment of 
rotation 523 X ]9 a is either referred to the armature only, or part to the 
armature and the other part to the flywheel, 
i Approximately, as at p. 80 — 

88 x W= HW,x (2x R) a = 0-9 x fxD,' (19) 

* The following table shows these determining factors in modem rolling mills. The column left 
blank is to be filled in by the student. 

Table VI.— Energy of the Flywheel, and Degree of Irregularity in 

Boiling Wills. 



Brake horse-power BHP = 

Number of revolutions n = 

Diameter of flywheel t D,= S 

Weight W. - ' 

Weight of rim W 

Circumferential velooityf V 

Energy of the flywheel per HP, E. •+■ HP 
Degree of irregularity >„ 



) 1,500 3,000 



600 1,600 1,000 



' 36' 8" 27' 10" : 

16,000 141,000 B£ 
10 51,700 109,000 68,200 68,200 34,000 

8] 181 
8,780' 9,660 7 



ft. per se 

ft.-W 



The lost line in the above table gives the " calculated 5 ," but in reality the variations in the speed 
are about 20 times greater, being 1 in 25 to 1 in 8 ; that is to say, they amount to from 4 per cent, to 
15 per cent. 

t See Translator's Note, p. 171. 
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The last two columns of Table VI. afford a fresh proof that the energy of the flywheel 
does not stand in a direct ratio to the " calculated " degree of irregularity 8 . 

According to the above table the utmost limit of circumferential speed for rolling 
mill engines should be — 

Circumferential velocity V < 180 ft. per second * . . . (20) 

Determination of the Weight of the Flywheel. 

As already explained under heads 1 to 3 (p. 164), it is always necessary in determining 
the weight of the flywheel to consider in what way the power developed is utilised ; that 
is to say, whether the degree of uniformity S , or the energy of the flywheel, or both 
together, are the main points to be studied. For approximate calculations under these 
heads, see Table IX., p. 177. 

(a) Engines for Driving Dynamos. 

The method of generating the current must here be taken into account, whether 
(1) continuous current ; (2) three-phase (alternating) current ; or (3) single-phase 
alternating current is employed. 

1. Continuous current is used for electric light and power transmission over medium 
distances, also for installations in which the power required fluctuates much (such as 
electric cranes and electric railways), and auxiliary batteries are provided to regulate the 
output. Maximum allowable tension for large plants = about 1000 volts. The motors 
are started under load. 

2. Alternators, 2-phase and 3-phase alternating current, are well suited for generating 
light and power, especially for the transmission of large powers over long distances, 
3-phase and 2-phase (asynchronous) current motors start under full load, will bear loads 
much above the normal, and require little attention. A less degree of irregularity is 
permissible with them than with continuous-current motors. 

3. Alternators (single phase) are well suited for electric lighting, but not so well for 
the transmission of power, because the motors cannot start under load, and if more than 
their normal output is required they break step. They are also not suitable for lifts if 
worked intermittently, or for electric railways, iron rolling mills, elevators, etc. The 
same remarks respecting & apply to them as to 3-phase and 2-phase current motors. 

Engines run in Parallel. 

If one dynamo does not supply sufficient current for a circuit, two or more 
dynamos are switched on to the mains in parallel, that is, they all work upon the same 
mains. Continuous-current dynamos may be driven either through separate power 
engines (gas or steam) or by one engine driving them all, by means of ropes, belts, or 
other transmission, the quantity of the current (ampere) is equal to that of all the dynamos 
together, but the tension does not vary. The tension (volt) must be the same in all the 
dynamos before they are paralleled. Alternators must be driven independently of each 
other (otherwise it is impossible to run them in parallel), and must have the same angular 
velocity. 

* Translator's Note. — These wheels must he built-up steel wheels ; the maximum rim velocity 
for a built-up cast iron flywheel is 90 ft. per second. 
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If quivering in the electric light and irregularities in the angular velocity of the 
dynamo Bhaft are to be reduced as much as possible, then — 

Table Til. — Lowest Allowable Values of 8 . 



Directly coupled. 




Driven by pulley or belt. 



Continuous \ g _ 
current f ° ~ 
3-Phase alter- 
nating current 
Single-phase >«„ = 
alternating 
current 



Running 
singly. 



,1_ 



?io 



Running in 
parallel. 




Driven through counter shafting. 




Running singly. 



?&ff 



-1* 

•2 5 



Running in 
parallel. 



Running singly. 



A 



h 



Running in 



inninp l 
parallel. 



jIts 



iff 



A 



& 



h 



In gas engines a lower value for S should be taken than in the above table, because 
even with quantitative or qualitative governing missfires are not infrequent (see Table IV., 
p. 169). For steam engines it is allowable to make \ higher, and as a rule the values 
assigned to it for " continuous " current may also be used for two or three phase current 
engines. 

In engines coupled direct, the moment of rotation of the flywheel, 2BIQ9*, found by 
equation 5 (p. 166), is referred either to the armature of the dynamo alone, or part to 
the armature and part to the flywheel. 

The greater the distance between the engine and the counter shaft, and between the 
counter shaft and the dynamo, the greater the degree of uniformity, since the masses in 
rotation which transmit the power, and the elasticity of the pulley belt equalize each 
other. The values for 8 given in Table VII. apply up to a variation of \ in the load, if 
the rheostat on the switchboard is very slowly and carefully manipulated, otherwise the 
light may flicker while the switches are shifted. 

If the power required varies considerably, as in cranes and electric railways, auxiliary 
or storage latteries (continuous current) are used, which run in parallel with the dynamo. 
These batteries form a kind of elastic link between the generators and the motors, 
and thus help to equalize the load on the dynamo. 

If the engine is run under a heavy load, the battery supplies current to the mains ; 
if under a light load it absorbs it. 

Example. — The 3-phase current alternator installed in a 500 BHP central power station is to be 
coupled direct to a 2-cvlinder driving engine. Having regard to future possible increase of the 
plant, it is considered advisable to run the alternator in parallel. According to Table VII. 8 should 
Be = Tjjff, but we will take it = 3 foj. 
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Taking provisionally n = 100, i from Table II. (p. 166), ®5$ 2 from equation 5 (p. 166), 
we get — 



Engine. 


Coefficient i. 
From Table II. 


fl&B 3 . 
From equation 5. 

62,640,000 
11,940,000 


Obeing=]6ft 
■ 9 ins., BR becomes 


trM i iJ^L^^tJ R 4, 2 cylinders 


10,440 

1,990 

2,120 
1,875 


I 258,000 lbs. 


'-^J L-i-J J — ^ V.'x/ RD4, 2 


48,300 „ 


Sfcamen^ . . . . { <££» J ;; 


12,720,000 
8,250,000 


, 51,200 „ 

I {Jo, 4UU ,, 



From the above we see that, the number of revolutions being the same, a compound 
steam engine will have the lightest flywheel, while the B 4 2-cyl. engine (four-cycle single- 
acting two cylinder) is quite unsuitable for the proposed object. 

(b) Engines for Various Purposes. 

In many power generating stations the more or less rapid change* in tlie load play a 
great part. 

If the degree of irregularity $ only were taken as a basis of calculation, the engine 
might under certain conditions work very badly ; in other words, the flywheel might not 
be able to regulate the variations in the load, without excessive fluctuations of speed. 
This would greatly affect the efficiency of the engine, and if it were used to generate 
electric light, a steady light could hardly be obtained. 

The difficulty cannot be solved theoretically ; approximate results arrived at in actual 
practice must be used as a basis of calculation. Table IX. shows an attempt in this 
direction, and the values there given may be corrected and amplified for various working 
conditions. 

As a general rule changes in the load produce much greater variations in the work of 
a small than of a large engine. Suppose, for instance, in a small carpenter's shop 
the power required to drive all the machines is 16 HP, of which 8 HP are absorbed 
by the circular saw. 

We may take, as follows : — 



Table VIII.— Variations in the Load occurring in Various Industrial Processes. 



Plants. 



Small 
Medium . 
Large. . 



Pumps and 
stamp mills. 



Per cent. 

15 

10 

5 



Mechanical 

carpenter's shop 

with circular saws 

and saw mills. 



Per cent. 

50 
30 
20 



Mechanical 
workshops. 



Percent. 

30 
20 
10 



Joinery^ "pinning mills. ' mills. 



Per cent. 

25 
15 
10 



Percent. 

15 

10 

5 



Per cent. 



up to 80 



Example.— In a moderate-sized carpenter's shop the variations in the power required would, 
according to the above table, be reckoned at about 30 per cent. 
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Table IX. — Approximate Values for Determining the Weight of the Flywheel. 



Kind of machinery. 



Size of plant. 



Pumps, stamp mills . 



* Brick kilns . . 



i Fur steady 
running 
1 would suffice 



20 



Taking count of variations in the 
load (Table VIII.), we should have 



E-i-BHPnot 
less than 



Hence r- 
*o 



r- 



For electric 
light if the 
dynamo be 
driven by a 

should not be 
less than 



Small 

Medium 

Large 



20 HP 

80 „ 



30 



2180 
1810 
1450 



I Small 20 HP 

! 
I Medium 120 „ 
! Large 



35 



2900 
2540 
2180 



1440" 
i 


100 


1200" 

» 


85 


n 

960? 
i 


GO 


1920? 

* 


150 


1680? 


90 


1440? 

* 


GO 



Mechanical workshops .< 



Small 
i Large 



10 HP 



40 



Spinning mills above 300 j, For low-graded yarn 
HP )! „ high- „ 



G5 
80 



1450 
1090 

2540 
3150 



Paper mills 



67 



2540 



960? 

i 

720" 

1G80? 
i 

2090? 



100 
GO 



1680? 



The weight should be calculated from the highest of the three above values of 8 . 

Example from Table DC. — Required, a 70 8HP plant in a brick kiln. Let n = 150. Diameter of 

10*5 x it x 150 
gyration of rim of flywheel IB = 10*5 ft. ; therefore V = - f = 82 ft. per second. It is 

proposed to make a comparison between the weight of flywheel lequired, and power developed in an 
E 4 single-cylinder gas engine and a single-cylinder steam engine. 



Gas engine B 4. BHP = 70 ; n = 150. 

According to Table II. — 

i = 2500 

According to Table IX. — 

1 ^ , j t v. 12 00 n 1200 x 150 _ i} 
- should be > . - = -25000- " ™- 



Single-cylinder steam engine BHP = 70 ; 
n = 150. 

According to Table I f . — 

t = 2280 
According to Table IX. — 

1 . . . . . 1200 x n 1200 x 150 „ 
should be > .- = — ^ 8Q - = ,9. 



If the engine is worked without a dynamo, I If the engine is worked without a dynamo, 



- = 30. The higher value being — = 30, the 



weight of the rim of the wheel, according to 

equation 4, will be : Weight of rim — 

70 
W = 100x25000 x QO , '" — r = 5200 lbs. i W = 100 x 2280 x 

82* x louxTfo i 

If the engine drives a dvnamo, — = 85. 

Therefore weight of flywheel rim — 

70 



' =30. The higher value being - = 78, the 

weight of the vim of the flywheel, according to 
equation 4, will be : Weight of rim — 

70 



82 2 x 150"x yj,- 



= 1230 lbs. 



If the engine drives a dynamo, = 85. 



Therefore weight of rim — 



70 



W = 100x25,000 x ' — - = 14,700 lbs. W = 100 x 2280 x Qo /" = 1340 lbs. 

H'2' x lbi) x J* ' i 82 x 150 x J. 

• If the material is very soft, the flywheel may be from 30 per cent, to 50 per cent, lighter. 



CONSTRUCTION OF THE FLYWHEEL. 



178 



Thus for the same HP and same speed, the flywheel of the gas engine must he considerably 
heavier than that of the eteatn engine ; namely, four times as heavy if worked without, and eleven 
times as heavy if worked with a dynamo. 

To make the dnty of both types of engine equal we Bhould further require the — 

Maximum output of tile gas engine = maximum output of the steam engine ; 
that is, the normal power developed by the gas engine should be about 25 per cent, to 30 per cent, 
more than that of the steam engine. 

Rules for Constructing the Flywheel. 

Mathod of Transmitting the Power. 

According to the type of machine to be driven, either the flywheel itself acts 
as a driving pulley, or a separate driving 
pulley is fitted on to the shaft. 

1. For high-speed machinery such as 
dynamos for generating electricity, fans, 
exhauBtors, centrifugal pumps, etc., the fly- 
wheel acts as the pitl/ey, as shown in 
Fig. 13. 

Of the different arrangements of fly- 
wheel and driving pulley combined given 
in Figs. 14-16, the best is Fig. 16. 



Fio. IS.— 10 HP Engine. Scale 1 : » 



*n. 



U 



*CL~* 



2. A separate pulieij is used for driving counter 
shafting or machinery rnnning at moderate 
speeds. 

As gas engines must run at relatively high 
speeds, if the belt is driven off the flywheel, the 
dimensions of the pulley on the counter shaft 
(which usually makes 160 to 200 revolutions per 
minute) will be too large. 

The most usual arrangement is that shown 
at Fig. -JO, where the pulley is placed between 



*nu 



3 9-°- 



Pia. 17.— With Separate Pulley. 



-JH* 



the flywheel and the out end bearing. 
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Diameter of the Flywheel and of the Driving Pulley respectively. 
In gas as in steam engines the ratio adopted is generally — 

Diameter of flywheel 

g^^ = 4 to 7, or a mean of 6 ... . (21) 

The diagram (Fig. 21) shows this ratio plotted vertically for a number of working 
engines. 




Diagram, Fig. 21. 

Ratio : 

Diameter of flywheel 
Stroke of piston 

Engines built by the 
same makers are denoted by 
similar symbols in Fig. 21. 



\ 100 200 300 400 600 600 700 600 000 1000 



1200 



MOO 



Stroke. 

The values shown on the lower curve may be taken as a basis for calculating the mean for — 

Flywheels and Driving Pulleys combined, 

and those on the upper curve for — 

Separate Driving Pulleys, 

or for engines coupled direct, as, for instance, blast furnace gas engines directly coupled to the 
blowers, etc. 

For engines up to 50 HP the flywheel always serves as the driving pulley, and space is provided 
for a separate pulley, because with this type of engine several of the same size are usually machined 
at once, and kept in stock as a reserve. 

To avoid too heavy flywheels their diameter is generally made as large as possible, without 
regard to the ratio D, : S (Fig. 21), but the rim speed should be— 

For flywheels and driving pulleys combined : circumferential velocity V < 90 ft. per second (22) 
For solid flywheels „ „ V < 100 ft per second (23) 

The diameter of separate driving pulleys should always be determined by the purpose for which 
the pulley is intended, but it is desirable to make it as large as possible, because the larger the 
pulley the less the strain upon the belt. 

If n = 160 be taken as the usual number of revolutions per minute of the counter shaft, we may 
write — 

Diameter of driving pulley on engine > 2'5 Stroke (24) 

(In practice the values range from 1*5 to 2*8.) 
This rule makes ample allowance for the dimensions of the pulley on the counter shaft. 
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Width of Flywheels and Pulleys. 

1. Pulley fiywlueU. The flywheel acta as the pulley, and the dimensions of the pulley 
on the counter shaft are taken as unknown. 

inches. 
.■*" 
liameter of flywheel in feet. 
a „ number of revolutions per minute. 
Taking into account that with this arrangement the belt is 
mounted on a very narrow face, we will take the sectional area of ; 

the belt — 

f> x B = — = in aq. inches . . . ('25) 

Width of rim B = 1-16 x finches (25a) • 

Fig. 22. 

Table X.— Approximate Thickness of Belts. 

Output HP = from 2 3-15 16-30 30-50 above 50 HP. 

Thickness of belt » = ft" 3 y ^," J" &" 

Example.— A 22 HP engine driven by lighting gas is, according to p. 24, of the following 
dimensions: D = 11J"; S = 15J ; « = 210 revolutions per minute. Diameter of flywheel 
D, = 7' 3". What should be the width of the belt ? 

From equation 25. Sectional area of belt 6x«= 7 .... - X - ,, m = 0*93 sq. inches. 
From Table X. Thickness of belt 8 = $, inches 

_ r 93 _ 

From equation 25a. Width of rim. B = M x 4| + •{ = 5 inches. 

In practice, the rim is nsnally made wider (see p. 182). 



Width of belt 6 = ^ = 4i inches. 



2. Separate vulley at the side of tlie flywheel (Fig. 17, p. 17$). The diameter of this 
pulley on the crank shaft is determined from equation 24. 

51 x HP 

Provisional cross section of belt 5 x £ = — 5 in square inches . (26) 

For the example given above the dimensions would be — 

From eqaation 24. Diameter of pulley d = 25 x 15j" = 3 ft. 4 inches. 

„ 26. Sectional area of belt 6 x ( = 3 .^^-^ = l'<>3 sq. inch. 
„ Table X. Thickness of belt t = -fa inch. 

Therefore width of belt b = . „ = 7-5 inches. 
Thus from equation 25a, Width of rim B = 1-1 x 75" -f jj" = fig inches. 



181 



GAS ENGINES. 



3. Double belts. Single belts are used up to a width of about 12 inches and 3| square 
inches cross section ; above that double belts are preferable ; if possible, the diameter of 
the pulley should not be less than 1005. 

Double belts do not transmit twice as much power as single belts of the same width, as they are 
not so flexible. If their width is the same, they will transmit 1*7 times as much power. 

4. The size of the belt can only be accurately determined if the position and number 
of revolutions of the counter shaft are known. A full explanation of this will be found 
in " Konstruieren und Rechnen," 3rd Edition, pp. 180ft et seq. Also see table of horse- 
power of belts and rim speeds of pulleys at the end of the book. 
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DIMENSIONS OF THE FLYWHEEL. 184 

2nd Example from Table X. In a 110 HP engine driven with lighting gas, the main dimensions 
as given at p. 24 are as follows : D = 24 inches; S = 28 inches ; n = 150 revolutions per minute ; 
D, = 10 feet 10 inches. What should be the width of the belt if the power is transmitted to it 
from the flywheel ? 

According to equation 25, cross section of belt b x 8 = - ()i q ir^n = a b° ut *S sq. inches. 

From Table X., if b x 5 = 4g sq. inches, 5 = ^ inch (bare). 

Therefore width of the belt b = -"„ = 15 J inches. 

If, again, we take the ratio of the driven pulley to the flywheel as 1 : 5, then diameter of the 
driven pulley = 1: l Q inches = 26 inches, or about 100 x 8, the thickness of 9 being = $? inches (bare). 

Table XI. gives dimensions of flywheel for standard engines, type E 4, single cylinder, 
taken from Table I., p. 24. 

The measurements are worked out for two different degrees of irregularity in running, 
namely, S = ^ = 2 per cent, variation, and $, = ^ = 1*25 per cent, (lj) variation in the 
speed. Engines for industrial purposes can have lighter flywheels, with $ = ± ; for 
driving continuous-current dynamos 8 = ^ is generally sufficient (compare Table VII., 
p. 175). The engineer must be content with a lesser degree of uniformity in running 
gas engines than steam engines, otherwise the weight of the flywheel becomes excessive. 

For weights of the flywheel corresponding to both degrees of irregularity the same 
measurements apply for the nave, while those for the rim and arms are different, 
corresponding to the variations in the weight. 

The stress of the arms upon the rim of the flywheel varies from 1400 to 1550 lbs. 
per sq. inch, calculated from equation 61, p. 196. 

Width of the Flywheel. 

The width of the belt is determined from the power to be transmitted (see pp. 180 

et seq.). The width of the face of the rim may (according to " Konstruieren u. Rectmen," 

3rd Edition, p. 183) be taken at,— 

B = M& + finch (27) 

To make gas engines run as steadily as possible, it is necessary, as we have said, to 
have comparatively heavy flywheels, and this requires a large rim cross section. The 
width of the flywheel rim cannot, however, altogether depend on the width of the belt 
(see equation 27), but to avoid too great a depth of rim, flywheels must under certain 
circumstances be made broader than the width given in equation 27. Too deep a rim 
has not a neat appearance, and if h is unduly large, there will be waste of material. 
Let 1), be the outside diameter of the flywheel in feet ; 

R „ radius of circle described by centre of gravity in feet 

(radius of gyration) ; 
W „ weight of rim in lbs. from equation 4 (p. 165). 
y „ lbs. per cubic inch of material composing the flywheel ; 
(B, a, and h 9 are measured in inches from Fig. 25.) 
/ = approx. // X a. Cross section of rim in sq. inches. 




Fig. 25. 



Then 



Rim section /= X 2xRxirxf 2 a ^° ufc ° ^ 51 R * n **' ^ nc ^ es ■ C" 2s ) 



1 
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Hence depth of rim h = - in inches ; a = 4 in inches . . . (29) 

We may take approximately — 

R ~ 0-451), ; a = 0'9B ; y = 0*262 lbs. per cnbic inch . . . (30) 

in other words — h< *D„ if D,< 2 ft. 8 ins. ) ,*,} 

^<^to^I) rt if D,>2ft. lin. J V ; 

The circumference of the rim is made either flat or convex. Where power is trans- 
mitted from the driving to the counter pulley, Gehrckens recommends that the former 
be made flat (not rounded), and the driven pulley convex. It ought to suffice if, B being 
width of rim in inches (Fig. 22, p. 180), the convexity is — 

For the large pulley w = 002B in inches (32) 

For the smaller pulley = (d -r- D) x w + ^ in. . . . (33) 
(Compare " Konstruieren u. Rechnen," 3rd Edition, p. 183/.) 

Calculation of the Tensile Strength of the Flywheel.* 

(a) Shape and Dimensions of Rim Cross Section (see Fig. 1, next page). 

Let W = weight of the rim in lbs. calculated from equation 4, p. 165 ; 

D, = external diameter of the rim in feet (or of the pitch circle, if the flywheel is grooved for 
ropes) ; 
S = centre of gravity of rim section ; . 
/ =s cross section of rim in sq. inches ; 
7 = specific weight = about 0*262 lbs. per cubic inch for cast iron. 

The main dimensions of the cross sections must be considered for : solid flywheels, pulley 
flywheels (*.e. for belts), and flywheels grooved for ropes. 

The following approximate ( For solid fly wheels R = 0-45D, . . . (1) 

values may be taken for < „ pulley flywheels (t.e. for belts) R = 0-485D, . . (2) 
R: — I „ flywheels grooved for ropes R = 0*475D, . . (3) 

Therefore weight of rim W = 2x»xRx 12 x/x 7 

W = 0*262 x 2t x R x 12 x/ = 19-7 x R x/in lbs.. (4) 

W 

Whence approximate rim section / = ^.7 T > m &{< inches. ... (5) 

R must for the present be found by equations 1-3, in feet, since only D, is known. 

With solid flywheels the depth of the rim is taken provisionally at = 1*2 of the width. 

An outline drawing of the rim corresponding to the area /and the above dimensions should be 
made, and the exact radius of the circle described by the centre of gravity R determined ; if this 
radius differs from the first rough estimate, the area/ must be corrected to make them agree. 

2 f X a; 
Distance of the centre of gravity x from the outer edge of the rim : x = -~r*— • • • (6) 

* In order to work from the usual allowable stresses (or safe working loads), when calculating 
the flywheel rim fastenings, and at the same time to keep practical conditions of work in view, 
some engineers do not calculate from the normal number of revolutions, but from speeds, say, 
10 per cent, to 15 per cent, higher. As this method complicates the subject, the author has always 
based his figures on the normal speed n, and has simply taken the allowable stresses at less than 
the values usually assigned them. 



CALCULATION OF THE FLYWHEEL. 

2 signifies a total y 

if signifies the sum (or total) of all the cross sections ^° z ; -j. 

therefore/, +/, +/,+ ... f X 

1/ x x. Sum of Hie products of the separate cross sections, R ._j 

multiplied by the corresponding distances x of their centres \ 

of gravity from the edge of the rim ; thus— J """ 



(b) Centrifugal Force and Tensile Stress In the Flywheel Rim. 

Referring to Fig. 2, let— 
V = circumferential speed in circle described by the centre of gravity ^-^"jp^s^y 

= !AJ2-"i.. ». pernio (7) 




S' = centre of gravity of one half of the wheel. 

v = circumferential velocity of centre of gravity S 1 in ft. per sec. 1.1J — 

e = distance of centre of gravity S 1 from the centre of the flywheel (5. 

in feet. _ „ 

a, = tensile stress on the rim in lbs. per sq. inch. 

The centrifugal force tends to rend the flywheel into two opposite rim sections, therefore half 
the weight of the rim I 3- 1 must he considered. The centrifugal force exerted in one half of the 
flywheel is thus — 



W 2V _ 

■ 2y * ^"~ 



(8) 



Furthermore e = f." ; » = £ x V = — (9) 

Taking half the cross section of the rim, we get— 

0-5C = 0-098V* x / in lbs (10) 

From equations 8 and 9 we can determine the 

Theoretical stress due to tension a s = — j- = 0098V* in lbs. persq. inch. . (11)* 

This value is increased by the effect of the arms, and important bending v^^^'Ssw 

stresses are eet up, which hinder the free expansion of the nm (Fig. 3), and \ 1 / ^^ 

increase the stress coming upon it. '\ ' / \l 

-, in lbs. per sq. inch .... (12) 

Fie. 8. 

* The size and shape of the rim cross section has thus no effect on the theoretical stress due to 
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Table I.— Approximate Values for Factor x in Equation 12. 



12 X (Kin feet) 

k in inches 

R in feet 

h In Inches 


Pulley flywheels. 


Pulleys for belts and rope-grooved wheels. 


Solid flywheels. 


12 xB 

h 

x = 


65 
29 


50 
2-7 


40 ' 80 20 , 15 
2-4 2-1 1 1-9 1-7 


10 
1-5 


7 J 5 
1-4 , 13 



The values of asgiven in the above Table apply to carefully turned flywheels divided along the 
arms (as shown at Fig. 7, see next page). 

If the flywheel is divided between the arms (Fig. 6) the stresses should be taken at 20 per cent, 
higher. 

Example. — Let R = 5 ft. ; h = 5h ins.; V = 74 ft. per sec; according to equation 11, the 
theoretical stress due to tension will be o~, = 0*098 x 74 s = 540 lbs. per sq. in. Again, from 
Table I., x = 1*58, therefore the combined stress (if the flywheel is divided along the arms) will be 
530 x 1.58 = 835 lbs. per sq. in. If the flywheel is divided between the arms, the combined stress 
will be 1*2 x 835 = 1000 lbs. per sq. in. We may take, therefore, the actual stress between the 
arms of the flywheel, according to Table I., as approximately * — 

For belt pulleys and rope grooved wheels = 1*9 <r t (13) 

For solid flywheels = 1*4 r, (14) 

Therefore, from equations 13 and 14, for wheels divided along the arras (Fig. 7, next page) 
we get 



Circumferential speed V = 

Belt pulleys = 

Solid flywheels t = 



Table II. — Combined Stress. 

40 60 80 90 100 150 200 270 300 feet per second 

800 680 1220 1540 1900 4250 7600 13,800 17,000 lbs. per sq. in. 

225 500 900 1130 1400 8150 5600 10,200 12,600 



>> 



Allowable stress with this method of calculation from equations 11 to 14. 

For cast iron = 1500 lbs. per sq. inch (15) 

(Table II. shows that in belt pulleys the allowable stress is attained at a circumferential speed of 
90 ft. per sec, that the limit of elasticity is reached at a circumferential speed of 260 ft. per sec, 
and the breaking load at 320 ft. per sec.) 

Thus, within the usual limits of speed (V = 30 to 100 ft. per sec.) there is never a risk of 
fracture with a solid rim. 

But if the rim is grooved, or the symmetry of the section destroyed (as in Figs. 43 and 44, p. 194, 
for example), the combined stress must be increased in the same ratio as the total rim section bears 
to the effective rim section. 

* These values can be accurately determined for a given engine from Goebel's rule (Zeitschrift des 
Vereines deutscJier Ingenieure, 1898, p. 851). The values given in Table I. apply only if the flywheel 
rotates at a uniform speed. If through a sudden increase in the load (and therefore a rapid fall of the 

fovernor) the speed is retarded, the engine will hunt badly, but the amount of retardation cannot be 
etermined beforehand. If the rim fastenings (damps, shrunk rings, bolts, etc.) are comparatively far 
from the circle described by the centre of gravity of the rim section, this hunting may under certain 
conditions set up important bending stresses, the extent of which must be>determined by Goebel's rule 

mentioned above. 

12 x R 
t In gas engines only solid flywheels need be considered — . — = < 15. 

Tranblatob's Note. — Nearly all larger gas engines in England have built-up flywheels. 
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The principal methods of constructing flywheels are shown in Figs. 6 to 8. 

The best way is to divide it along the anna as shown at Fig. 7, as by this means the fastenings 
and bolts are exposed to tensile stresses only, the bending stresses being taken by the arms; the 
tensile stress c can be calculated by equation 11, p. 186. 





Fio. 6. — Divided between the Anns. 



Fig. 7. — Divided along the Arms. 



Many engineers are of opinion, however, that if the flywheel is built as shown in Fig. 7 
undesirable strains may be set up in the metal, owing to the unequal rate of cooling in the mould 
after casting. 

1. Joints and Bolts.* 

We mnst here distinguish between — 

Stress on the bolts due to tightening op. 
Stress on the bolts when the wheel is in motion. 
The stress f to be here considered is that set up when the flywheel is in 
motion. Care must be taken to see that the joints on the segments are bedded 
well down on to one another, and the bolts well tightened up. 

* For a fuller account, see Haeder's Zeitschrift, 1904, p. 132. 
t The stress due to tightening up is taken at — 

s = — j — in lbs. per sq. inch where /, = the area of the bolts in sq. inches . . 

If the belts are tightened up more than is necessary, then if S represents the stress due U 
ing up in lbs. per sq. inch, the stresses on the bolts when the flywheel is in motion — 

? + »"?,.„. „... ,..v 
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Let— 

/ be the sectional area of the rim in sq. ins. 
V be circumferential speed in circle described by centre of gravity, in ft, per second by 

equation 7, p. 186. 
P = 0-0971 V 2 x/, total tensile stress on the bolts in lbs. 
1*2P denotes the effect due to tightening up the bolt. 
/, Total cross section at the bottom of the thread of all the bolts in sq. ins., then — 

Working stressep on the bolts (when in motion) <r, = 1*2P -*-/, in lbs. per sq. in. (18) 
Corresponding cross section of the bolts at the bottom of the thread/, = l*2P<r, in sq. ins. (19) 

Allowable stress = 4260 - 6700 - 7000 lbs. per sq. in (20)* 

Example. — Let a flywheel have a rim cross section of F = 57 sq. in. (see Fig. 10). The 
circumferential speed is 77 ft. per second. The rim is held together by three bolts, each 1$ in. 
The stresses will be as follows— 



*& 



-^^mm^ 



Y 
I 
I 



■'■Hi* 



Fig. 10. 




Fig. 12. 



Total stress due to tension P = 0*0971 x 77* x 67 = 32,800 lbs. 
Total cross section at the bottom of the thread .£ = 3 x 1*986 sq. in. = 
According to equation 18, working stresses <r, = 1'2 x 32,800 -*- 5-95 = 



6*96 sq. in. 

: 6600 lbs. per sq. in. 



2. Fastening with Cotters. 

This method of fastening the rim is 6hown in detail in Figs. 13, 14. 




Fig. 18. 



Fig. 14. 



The bolts are replaced by the round or square dowel N, and the cotter M, Fig. 16. 

As explained in the section on bolt fastenings, p. 188, we have in both 
^n| cases two separate kinds of stresses to consider, namely, that due to 
jjj^ tightening up,f and the working stresses on the fastenings (when in 



^— I3[Tjni^Vj£Si motion). 

Fig. 15. The same symbols as those for bolts can be used, except that/, denotes 

the cross section of the dowel in square inches. 



* See Table of Bolts, etc., at end of book. 

t The footnote, p. 188, applies to a certain extent to these fastenings. 



FLYWHEELS. 190 

Therefore — 

Working stresses on the dowel (when in motion) <r t = 1*2P -*-/ in lbs. per sq. in. (21) 

Corresponding cross section of dowel / = 1*2 P -*- a z in sq. ins. . . (22) 

Allowable stress = 4250 - 5700 - 7000 lbs. per sq. in. (23) 

The cross section of the dowel is shown by the shaded area in Fig. 16, for which we may take — 

For round dowels / = (ir -*- 4) x d 2 — d x b in sq. ins (24) 

„ square dowels / = © x c — a x b (25) 



l 




»• c •* 
Fig. 16 




Fig. 17. 



■■■ ■ ■ r i 



The cotters must be calculated for stresses due to bending, as shown in Fig. 17. The three 
places on which the stresses are assumed to fall are indicated by curved lines, which in any rough 
design of this kind of fastening would mark them with sufficient accuracy. 

The calculation is worked out as follows : — 

Bending moment M* = 1-2 PZ ■+■ 4 in inch-lbs. . . (26) 
where P = / x <r M in lbs.* 

Modulus of resistance to bending Z b = J bk % in cub. ins. . . . (27) 

Actual stress due to bending <r h = M 4 ■+■ Z b in lbs. per sq. in. (28) 

Allowable stress for steely 14,000 lbs. per sq. in. . . . (29) 



The length I should be approximately : — 

For dowels of round section I = V7d (30) 

„ „ square section I = Vba (31) 

To calculate the rim fastenings we must also consider the surface pressure of 



I.U vaiVUiatC but? IIIU j«m?uv>uix*m>J »» v iuuuv muv wuuivtvi «uv i^uaamw is.vs 

the cotter upon the cast-iron surface of the flywheel rim (see Fig. 18) — 



<r = ^4° in lbs. per sq. in.* 

LZO 




(32) 



Fig. 18. 



Surface pressure of the cotter upon the dowel — 

bd 



<r = 



or <r = —-^ in lbs. per sq. in.* 



(33) 



Allowable surface pressure of the cotter upon the flywheel rim — - 

5700 to 8500 lbs. per sq. in. 
Allowable surface pressure of the cotter upon the dowel — 

11,000 to 14,000 lbs. per sq. in. 

* See footnote, p. 188, which to a certain extent is applicable here. 



(34) 
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Dowel* 

holes in thi . ^. 

Dowth for heavy flywheels (FigB. 22, 23) 



made round, but it is better to have them of rectangular cross section, because Uio 
' — then easier to machine (Figs. 19-21). 

' r '"' "'"■ '■'■'■ ~ - : -" i ~' *n fitting the parts together. They 



are entered from the inner surface of the rim, but cannot always bo recommended, because, firstly, 
they are expensive to manufacture, and, secondly, the core may be wasted away in casting. 

Although round dowel* are much used they are not so good as dowels of rectangular section, 
because if the holes are cored, they are apt to be out of truth. On the other hand, it is easy to bore 
out the holes if they are not quite true. 
Dowels of rectangular section are, however, 
better, as we have said, because it is easier 
to machine the holes for them. 

To ensure that the two halves, or several 
segment* of the rim, shall run true, it is usual 
to design the flywheel with a tongue piece 
in one segment fitting into a recess in the 
next. Another method is to make the 
I dowels accurately fit the holes in the fly- 

wheel, which are bored out to a depth 
of 3 in. to li in. from the face of the 
joint (Figs. 24-26). The other part of the 
hole can be carefully cored out, allowing a 
clearance of A in. to g in. round the dowel. 
The faces of the joint where the segments 
iften cast with chipping-strins, and afterwards finished 
the bolt, after trueing up the joint, may be simply and 




of the rim butt against 

off with chisel and Hie; and tin 



t the segments of heavy flywheel* with the chipping strips 

considered " good practice, 



Pio. 27. 



Fro, 28. 



because the edges may easily 
be damaged in transit, or 
when erecting the flywheel, 
and it is always better to 
plane the surfaces. To avoid 
unnecessary work when fit- 
ting tbt cotter a clearance 
of ,\ in. to 1 in. should be 
left at the sides. 
Shrunk clamps are also much used, although considerable skill is required to fit them accurately, 
and gauge the correct amount of shrinkage. The heads must be well recessed. It is easy to file or 
turn the faces of the clamps flush with the side of the rim afterwards ; they must fit exactly. Boiler 
plate scrap is used to hold them together provisionally while on the lathe, and is knocked off 
afterwards. 

The dove-tailed fastening shown at Fig. 28 should on no account be used, as it has a tendency to 
work out, and acts like a wedge to split the rim (see Zeitschrift des Vereines detttscher Inginieure, 
1898, p. 357). 

Shrank rings with a corresponding projection or shoulder on the rim can only be used if fitted to 
both sides of the rim, in the circle described by the centre of gravitv of the cross section, or on both 
the inner and outer sides of the rim, and not on the inside only. To prevent them from flying at 
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the outside edge, as sometimes happens while hammering them in, they should be of trapezium- 
shaped section. The opening for them on the rim should be as short as possible (Fig. 31). When 





the ring lias cooled, the recesses a 
in position by a couple of grub seri 



: tilled in with white metal and caulked, and the ring is also held 



3. Calculation of the Shrunk Rings. 

is not intended to repeat here the exliaustive dissertation on shrunk rings in Haoder's 
astruiren nnd Rechnen " (3rd Edition), but only to give the results theoretically determined. 
Let — 



P be the tension ir 



l'2Pis taken as the 



.he rim, that is the force which seeks t< 
ictnal load. 



s the shrinkage tension, that is, the tensile stresses set up in the shrunk ring 

cools, in lbs. per sq. in. 
/, cross section of the shrunk rings of a rim fastening in sq. ins. 

P, pressure on the joints when at rest, that is, the pressure with which the 
surfaces of the jointo are tightened against each other, while stationary, in " 




i the rings, that is, the actual •. 
notion, in lbs. per sq. in. 



; coming upon the shrunk 



Then we have the tension in the rira P = 0-OB71 V s x/in lbs. . 
s the circumferential velocity of the circle described by the centre of gravity from 
8ii, and/is cross section of rim in sq. ins.). 

Cross section required/, = 1-2 P -+- k, i 
Pressure on the joints when not in 
„ ,, „ in motion 

Tension due to shrinkage ( = 08r 



Dimensions ok tub Shoulder. 

(a) Round Shrunk Rings. 

To determine these dimensions we must take count of 
the ttrength of the thouider. It is exposed to a shearing 
stress, in consequence of the tension set up during 
shrinkage, therefore 




e-half of the shoulder = Tensile : 



Y' 
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If, to make sure that the shoulder is strong enough, we calculate from k a : k x = 4,* it works out 

a d = 4*5 Va x b in ins (41) 

If P be determined from the normal number of revolutions (see footnote on p. 185), then the 

Stress on the shrunk ring k a = 5700 lbs. per sq. in. (42) 

Table III. — Examples worked out from Equations 36 and 41 {k t = 5700 lbs. per sq. in.). 

(The fastening consists of two shrunk rings of square section.) 
P = 22,000 44,000 88,000 182,000 176,000 220,000 lbs. 

a= 1A 1* 2ft 2| 3^ 3j inches. 

d= 4| 6| 10 12 13| 15i ,, 

The shrunk rings and hoops forming the fastening of the flywheel 
rim cannot be machined with absolute accuracy. The necessary 
allowance for shrinkage is obtained by making the clear width of 
the ring less than the diameter of the shoulder by about 1 per cent. 
The less careful the workmanship of the fastening, the greater 
difference must be allowed between the dimensions of these two 
parts. 

(b) Elliptical Shrunk Kings (Shrunk Hoops). 

For these, as for round rings, rlk t = 2abk a . . (43) 

As regards the permissible stresses k, and k„ the remarks under 
head (a) apply, from whence we get — 

rl = Sab (44) 

For instance, if I = 6r, then r = 1*2 fjab; I = 7 *J ab . (45) 

Table IV.— Examples worked out from Equations 36 and 45 (&* = 5700 lbs. per sq. in.). 

(The fastening consists of two shrunk rings of square section.) 

P = 22,000 44,000 88,000 132,009 176,000 220,000 lbs. 

a = 1A 1* 2ft 2| Sf 6 3| inches. 

6= 7* 10J 15i 18* 21| 24 „ 




K lo 






Fig. 38. 



Fig. 39. 



Fig. 40. 



Fig. 41. 



For rolling mill engines. Shrunk For steam engines, gas engines, etc. 
ring recessed in. Flywheel turned. Shoulder for 

shrunk ring projecting. 



-^s 



With V = 98*5 ft. per second ; / = 234 sq. inches ; P = 220,000 lbs. 

For the method of allowing for shrinkage, see the remarks at p. 192. The clear width of the 
ring must be 1 per cent smaller than the length of the shoulder. 

* If space allow, k x I k t = 5. 
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For fastening the flywheel, round shrunk rings are sometimes used (Figs. 38 and 40), but 
elliptical shrunk rings are more general (Figs. 39 and 41). 

As the shoulder must be of a certain size to resist the shearing stress on it, a round shoulder 
takes up more room than one for an elliptical shrunk ring. If Figs. 38 and 40 be compared with 
Figs. 39 and 41, in all of which the value of P is the same, it will be seen that in the two latter the 
full depth of the rim is not utilised. If the cross section of the ring were larger, a greater circum- 
ferential velocity would be permissible, the size of the shoulder being also naturally increased. 





Fig. 42. 

If the circumferential velocity be very high, it is advisable to utilise both the outer and inner 
sides of the rim for the fastenings, and to have three or four shrunk rings on each joint 

The rings are either of rectangular or square section. 

To put a third ring on the inside of the rim only does not seem to be good practice ; a 
corresponding ring should be fitted also to the outside of the rim. 

(o) Usual Forms of "Rim Fastenings. 

The most usual method of fastening the rim together is with screwed bolts, dowels, and cotters, 
or bolts only. With flywheels running at high speeds, shrunk rings are preferred. Figs. 47, 48 
illustrate the usual arrangement for bolts, dowels, and cotters ; Figs. 43-46 for bolts and shrunk 
rings. 



i ! » 





Figs. 43, 44. 

Fig. 43 should not be adopted if the rim is deep and the circumferential velocity great, because 
the bolts and shrunk rings are too far from the circle described by the centre of gravity of the rim. 




Figs. 45, 46. 

Calculation * of Rim Fastenings with Screwed Bolts and Dowels. 

As far as possible the dowel and cotter fastenings should be in the circle described by the centre 
of gravity of the rim (Fig. 48a), and the bolts should go through the arms where they intersect the 
flywheel. As they cannot always be put in with heads, they should have nuts at either end, and 
lock nuts or other means of preventing any risk of their slacking back whilst running. 

* See also footnote on p. 185. 
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Let P = tension on the fastening in lbs. from equation 35, p. 192 (compare Figs. 47, 48). 

8 = diameter of the rim bolts at the bottom of the thread in ins. 
a x c = cross section of the dowel in sq. ins. 

b x h = cotter 

Then— 



»> 



>i 



>» 



•» 



Sectional area of the bolts f = 2 x j« s 



>> 



it 



dpwel/' = (c- &)aj 



> in sq. ins. 



(46) 



Hence stress due to tension — 



1*2P 
= <r t = -ji -—77 in lbs. per sq. in. 

/ +/ 



Allowable stress or safe working load for wrought iron — 

*, = 4250-6700-7000 lbs. per sq. in. 



(47) 



(48) 




aaasi 



1U» 



\3C 



if 



Figs. 47, 48. — Rim Fastenings with Screwed Bolts and Dowels. 

The strength of the cotter is taken at — 

1-2P 



T 



Fig. 48a. 




P ' =^./^r, x/''inlbs (49) 



and must further be tested for bending, thus — 

P' (o> s\ 
Bending moment (from Bach's formula) = M = « x (r"^o) 

b x h* M 

Modulus of resistance to bending Z = — ^ — ; therefore <r b = -yr lbs. per sq. in. . 

Allowable stress or safe working load with best mild steel — 

k h = 8600-11,000 lbs. per sq. in 

Surface pressure of the cotter on the cast iron surface of the wheel — 

<r = j- lbs. per sq. in. ; f = 2z x b sq. ins 

Jo 
Safe working pressure k = 7000-10,000 lbs. per sq. in. . . . 
Shearing the dowel at either end (2 surfaces) — 

f = 2am in sq. ins 

P' 
Therefore <r = -z ; allowable stress h, = 8600 to 4250 lbs. per sq. in. . 
/o 



(50) 
(51) 

(52) 

(53) 
(54) 

(55) 
(56) 



(d) Flywheel Arms. 

These are usually solid, of oval section (Fig. 52), or circular and hollow (Fig. 53), while the 
hh form (Fig. 49) is also often used. For high-speed flywheels the arms are of sharp-ended oval 




1 

'//ft' 




rrtm 



///// '■'/■/■ '. ' /■'///' 



fir — #1 



Fig. 49. 




*J 




Fig. 50. 



section (Fig. 50), to diminish the friction of the air. Very large flywheels, for rolling mill engine?, etc.-, 
have wrought-iron arms of rectangular cross section. 
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1. Tensile Stress on the Arms, due to the Centrifugal Force of the Him. 

The centrifugal force of a segment of the rim is calculated by the formula — 

W 1 V* 

C»=-xixV (57) 

z g K 

where z denotes the number of arms. 

V = -gjT circumferential velocity of the centre of gravity of 

the rim section in feet per second. (The radius of the centre of 
gravity of the rim segment is taken as approximately equal to the 
radius of the centre of gravity of the cross section of the whole rim.) 
Under the most unfavourable conditions, when the arm is in its 
lowest position, half the weight of the rim must be added to C. 

W 

Therefore P = C + -J in lbs (58) 

Here the tensile strength of the rim is neglected. 
Cross section of the arms near the flywheel rim. 



Fig. 52. 




For solid oval arms (Fig. 52) f x -=ab- sq. ins. 



For hollow arms, of circular section (Fig. 53)/i = (cP — c 2 ) sq. ins. 



Fig. 53. 



(59) 
(60) 



p p 

Therefore stress due to tension <r, = lbs. per sq. in. ; /, = -.- sq. ins.*. . (61) 

2. Stress due to Tension and Bending at the Nave. 

Let B.H.P. = effective horse-power of the engine. 

0'5D, = radius of the flywheel rim in ft. 

P = tangential effort at the rim at the normal output in lbs. 

n = revolutions per minute. 

_ , _ 5250BHP . ., 

Then we have P = t^ttt- in lbs 



(62) 



n x O'oD, 

When calculating the maximum moment about the flywheel, P must be taken at double (belt 
pull) the value given bv equation 62, therefore — 

2P . 

Bending moment of one arm at the nave M = — x I inch-lbs. . . . (63) 

z 

z being = number of arms. 

I being = distance from the circumference of the wheel to the arm at the nave (see Fig. 51) 
in inches. 

Modulus of resistance — 

For arms of solid oval section (Fig. 52), Z = <Ma& 2 cub. in. . . . (64) 

For hollow arms of circular section (Fig. 53), Z = O'lf - — -3— * J cub. ins. . (65) 

M 

Therefore stress due to bending <r b = -= in lbs. per sq. in. . (66) 

C 

To this must be added the stress due to tension <r t = — lbs. per sq. in. . . (67) 

C is calculated by equation &7,f = cross section of the arm near the nave in sq. ins., therefore 

the combined stress will be — 

M C 1 
<r = rf + 7f lbs. per sq. in (68) 

L J 

The allowable stress or safe working load is \ y 01AA . orKA » , nn „ „ rt . ^qx 

taken at For cast iron at the rim ) k = 210 ° to 255 ° lbs ' P er "* m ' ' (69) 



* For allowable stress, see equations 70, 71 on the next page. 



197 



GA8 ENGINES. 



The allowable stress or safe working load is 1 , 
taken at For cast iron at the nave J 

The allowable stress 
taken at For wrought iron 



or safe working load is 



}»- 



1700 to 2100 lbs. per sq. in. . (70) 
3560 to 5700 lbs. per sq. in. . (71) 



(e) Nave Fastenings. 
The nave is usually split into several parts to avoid casting strains, or rather strains set up due to 
the unequal cooling of the flywheel in the mould ; it is afterwards secured by shrunk rings or screwed 
bolts ; care must be taken to divide the nave, so as to distribute the weight evenly. Figs. 54 to 58 
illustrate the most usual types of nave fastenings. 







Fig. 59. 



Figs. 54-58.— Flywheel Naves. 

If the flywheel is split into two or more parts, it requires considerable skill to make a good 
job with shrunk rings, and even then the tension due to two or more segments of the wheel 

will never be quite the same. Except therefore for large gas engines, 
shrunk rings are no longer used, but the nave is usually split in two 
parts, and bolts screwed at both ends; the thread on these bolts is 
usually a fine thread,* and the nuts are prevented from slacking back 
by lock nuts, or split pins, etc. The bolts should be made of the best 
mild steel, and can be stressed up to 11,000 lbs. per sq. inch. 

To avoid a great mass of metal in one place, the type of nave 
shown at Fig. 59 should be used for flywheels 11 ft. 6 ins. and 
upwards in diameter. 

According to equation 8, p. 186, the centrifugal force of one-half 
of the wheel is — 

C = J x^ = 0-01-^ lbs (72) 

Combined sectional area of bolts and shrunk rings — 

/ 2 = 4 x ja 2 + 4a& in sq. ins (73) 

where s = diameter of the bolts at the bottom of the thread. 

C 

Tensile stress on these fastenings <r z = ^-in lbs. per sq. in (74) 

Allowable stress or safe working load for wrought iron — 

k t = 3600-6500 lbs. per sq. in (75) 

Bursting of Flywheels. 

The cause of these constantly recurring accidents with flywheels running at usual circumferential 
speeds of 3000 to 6000 ft. per minute is not to be attributed to the weakness of the rim. It is nearly 
always due to — 

(f ) Defects in the Lugs cast on the Rim for coupling the Wheel together. 

With solid flywheels, the segments of which are fastened together by dowels and cotters, shrunk 
rings, or clamps, such accidents hardly ever occur, nor is there any danger of the rim giving way 
from weakness of cross section. But with pulley flywheels and flywheels grooved for ropes, the risk 
of fracture of the lugs coupling the segments, or of the rim itself at the junctions, is great, especially 
if the rim is grooved for ropes or of weak cross section. Particular attention should be paid to the 
design of the lugs, and also to the arms where they join the rim ; flywheels having a high rim velocity 
must always be divided along the arms. 

* [Tbahslatob's Note.— It is usual to fit bolts with six threads per inch up to 8J" diameter.] 
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The centrifugal forces C = — x -=rand C" = — x -R-in lbs. ... (76) 

exert a bending stress on the cross section cc, Figs. 60-62. To this must be added the bending 
moment Vx through the bolts, etc. The load V is equal to half the centrifugal force of one-half 01 
the wheel, and must therefore be 
calculated from equation 10, p. 
186, the nave fastenings being 

Kictically neglected. The total 
nding moment thus works out 
at— 
M=CT+C'T'+l-2Pa; (77) 

To this must be added the 
stress due to tension of cross 
section / = BA, acting on cross 
section cc, according to equation 
11, p. 186. 

In Haeder's book on the 
" Steam Engine," 8th Edition, 
p. 282, the stresses on a pulley flywheel causing it to burst have been calculated. 

Example. — Required the dimensions of a pulley wheel for a single cylinder four-cycle gas engine 
(driving a continuous- current dynamo). Diameter of cylinder 400 mm. = 15? ins. ; stroke 550 mm. 
(say 21$ ins.) ; revolutions n = 190 per minute. Diameter of flywheel = 2750 mm, = 9 feet. 

1. Determination, of toe Output. 
By equation 3, p. 18, effective piston area A = j x 15|"> = 195 sq. inches. 




Figs. 60-62.— Flywheel divided between the Arms. 



681 feet per 
20f lbs. per sq. inch. 



„ 7, p. 20, mean piston speed 

minute. 
From Table 1L, p. 20, mean pressure on piston p, 
By equation 8, p. 20, maximum output or IHP— 

= 3S\000 = 83 i IHF " 

From Table I., p. 18, mechanical efficiency u = 0-84 

By equation 2, p. 18, actual output of engines = 0"84 x 83| = 70 BHP. 

2. Determination of the Weight of the Him. 
From Table II., p. 166, coefficient t 21,000 based on the IHP. 
By equation 5, p. 39, radius of centre of gravity of rim section 
R = 9' 0" x 0-45 = 4-05 feet. 

By equation 2, p. 39, circumferential velocity V = — ~ = 8' 

From Table VII., p. 175, degree of irregularity in running I = - 8 \j. 
By equation 4, p. 165, weight of rim W = 100 x 21000 



$ ft. per second. 



190 ; 



3. Width of flywheel Rim (appi 
8, p. 184, cross section of rim / = 0-051 x 1 -~ = 
I, p. 185, depth of rim h = i x 9' 0" = 12 inches. 
I, p. 185, dimension a = Iff = 11J inches (appro*.). 
), p. 185, width of rim B = ^|- = 13 inches (appro: 



L-rji x -r- = 11,350 lbs.fapprox.). 

0U 5 (TO 
itimate). 
= 143 sq. inches. 



Ad outline of the 
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4. Calculation of the Flywheel, 
corresponding to the dimensions of the cross section given under 
head 3 is drawn (Fig. 65), the positions of the centres of gravity of the 
different areas are then determined, and «■„ calculated from them by 
equation 6, p. 185— 

/, = 13 " x 19" = 18 sq. inches 
A = US" * 10g" = 124 „ 



/= 142 



/, x », = 18 x n" = 
/i^« 124 x $ft = 



Ifx = 840-4 



' = 4 feet. 



By equation 6, p. 185, r = ?*S = 6 inches; R = 4' 6" - 

„ 4, p. 185, weight of rim W = 0-262 x 2 x « x 12 x 4 x 14Z 

= 11.200 lbs. (approx.). 
From equation 11, p. 186, theoretical tensile stress in the flywheel 
rim v = 0-098 x 801* = 630 lbs. per sq. in. 



Since x 

then from Table I., p. 187, x 

therefore from equation 12, p. 186 — 

combined stress = 13 x 630 



12R _ 12 x 4 



12 



= 4 



KS" 




lbs. per sq. inch. 
6. Flywheel Arms, 

(a) Temih Stress on the Bim (see p. 196). 

The centrifugal force in a rim segment by equation 57 in — 



11,200 x_| 
6 x 32 x 



- = 95,500 lbs. 



Combined tensile stress by equation 58, p. 196— 

P = 95,500 + 5650 = 101,150 lbB. 
Cross section of the arms at the rim. By equation 69 — 
/, =1 x 6J" (155 mm.) x lift" (300 mm .) = 57 sq. ins. 

1 Therefore the tensile stress on the rim (equation 61)— 

101.150 ,_„.,. . , 

0-, = — Sf~~ — 1' 80 lba. per square inch. 

the Nave doe to Tension and Bending (see p. 196). 

19(i, circumferential pressure or tangential tension P = ^ - -.- 

= 430 lbs. per sq. in. 

63, p. 196, bending moment M, = 2 ^ - 4 — x 41-5 = 5950 inch-lbs. 

64, p. 196, modulus of resistance Z = 0-1 x 6£" x ll^j)"* = 85 inches 3 (approi.). 
66, p. 196, stress due to bending <r s = sjjju = 70 lbs. per square inch. 

Add to this the stress due to tension. 



', p. 196, c: 



, of s 



6 square inches. 
196, stress due to tension v 



where it joins the rim /, = j x 6jJ" x 12$" 



5,500 



= 1450 lbs. per square inch. 

„ ,, 68, p. 196, combined stress due to bending and tension a - 70 + 1450 

= 1520 lbs. |>er square inch. 
Thus it is the stress due to tension produced by the centrifugal force and weight of the flywheel 
which is the chief factor in determining the load upon the arms. 



FLYWHEELS. 
a Width of the Bait. 

» section of belt bt = ^ — i"57, — 9'G5 square inches. 



By Table X., p. 180, thickness of belt S = ft inches 

therefore the width of the belt b = -3- = 9) inches. 



Rules for fitting together the Different Parts of the Flywheel. 
1. Boring out the Have. 
This must be done carefully because the least inaccuracy of 
workmanship produces "wobbling."* 

The American practice of machining the flywheel is as follows :— 

The hole in the nave is bored out to exactly fit the shaft, then a 

clearance ia slotted ont as shown to the left hand in Fig. 68 ; the two 

keys are then fitted and driven home, and the process pulls the wheel 

over so that the true part of the original bore at a hears on the shaft. 

2. Seaming the Flywheel to the Shaft. 

For small flywheels up to 10 ft. diameter, a single feather or Fig. 68. 

sunk key is generally used, for larger wheels two so-called tangential Boring out the Nave 
keys are fitted ; to receive the latter two recessesare cut in the wheel, 

and two keys are bedded in each recess (Fig. 70). u j<r . _,-^ 

According to Bach j— if d be given in inches, then — ff^^^TfS 

Fornat(orsnnk)kevsJ 6 = ° ,!l ^? inc,le8 P*v J -r 

V 1* = oWd (79) W d r, \- 

*- —HUES :::::: 85 F ,„ G0 

Angle a generally 120 -5 . Sunk Ke y. 

Heavy flywheels, especially if intended to drive dynamos for electric lighting, ^ - 

are always secured bv two keys fitted HO" or 120° apart, and the keyways are in ^ J---I --■iv'^.k 

the same plane as tfie arms. This method is supposed to secure" the flywheel " 

more firmly, and to prevent " creeping " along the shaft. 

Figs. 69 and 70 show the arrangement of single and double keys. 

Aa a rule the flywheel shaft is of round section, but for very large flywheels V — - d —¥■ 
like those for rolling mill engines the flywheel is sometimes staked on to a square 
shaft. 

S. Navo secured by Shrunk Binge. Tangential Keys. 

Flywheels up to about 10 ft. in diameter are usually cast in one 
piece (Fig. 5, p. 188) ; above this size they are always made in two or 
more parts, because of the difficulties of transport by rail. If the \ B r 

metal is badly distributed, and if the rim or the nave is very ) /^""T\\ V 

heavy, flaws may be developed and serious strains set up in the casting, _ — ' f//^~\\\ 

due to contraction and to unequal cooling in the mould. In order h LI I- , | \\ 

to guard against these dangers it is usual to split the nave into three or ^~ 

more parts, which gives a certain amount of freedom, and relieves the 

arms From these strains. To part the nave, wrought iron plate* 

coated with graphite are laid in the mould, in positions shown in 

Fig. 71 ; these plates are knocked out after the wheel is cast, the 

spaces thus formed filled in with nine or white metal, and a ring R is | 

eiiruiik on either side over the nave. p t0 . 71, 

* For method of correcting " wobbling " of the flywheel, see Haeder's " Maohinenmeister." 





201 



GAS ENGINES. 



4. Keys for securing the Flywheel. 

The tables used in different engineering workshops show differences of 50 per cent in the width of 
these keys. Their dimensions can hardly be determined theoretically. 

The recess t to take the key is usually cut deeper into the shaft than the depth given in Table IV., 
but a deeper recess increases the twisting strains on the shaft. 

In round keys (which are rarely used) b is generally smaller. 

Table IV.— Keys. 

(Dimensions in millimetres.) 




Flat key. 



Sunk key. Tangential key. Bound key. 



suit. 


Width. 


Sank 
h 


key. 

* ! 


Tangential 
key. 


Light keys for eccentrics, 
vaWe gear and governors, etc. 








d 


o 


h 


b \h \ 


i 




30-39 


12 


7 


2 




- ! - 






40—49 


14 
16 


CO 00 


3 1 
3 


— 


i 


— 




i m 




50—59 


MH 


___ 


s^s^sl rVMI vWN* ^H 




60—69 


18 


10 


3 


— 


1 


— 








70—79 


20 


12 


4 


_ _ 


1 


— 


i 








WfltW*lZW//jM00Zf. 




80—89 


23 


13 


4 


— 


l 


— 


^AWMWk 


90-99 


26 
30 


14 
16 


4 
5 









V 






100-119 


_ 


_ 


Hollow key. 


120—139 


34 


18 


6 


__ 


18 


10 


3 




140—159 


38 


20 


6 


_^^ 


20 


12 


4 


Hollow keys are only 


160—179 


42 


22 


7 


^^ ^ 


22 


13 


4 


used as temporary 


180—199 


46 


24 


8 


— 


24 


18 


4 


fasteners, i.e. when 
setting the valve gear 


200—219 


50 


26 


8 


15 


26 


14 


4 


or for small powers. 


220—239 


55 


29 


9 


16 


28 


14 


5 


i 
i 


240—259 


60 


32 


10 


17 


30 


15 


5 


1 


260—279 


65 


35 


11 


18 


82 


16 


6 


i 


280—299 


70 


38 


12 


20 


34 


17 


6 


i 


800-324 


75 


40 


13 


22 


36 


18 


6 


| 


325—349 


80 


44 


14 


23 


40 


20 


7 


i 


850—374 


85 


48 


15 


25 


42 21 


7 


1 


375—399 


90 


50 


17 


26 


44 


22 


7 




400-449 


95 


54 


19 


28 


46 


28 


8 


1 


450—500 


100 


58 


21 


80 


50 


| 25 

i 


1 8 


1 



Feather keys should be bedded into a recess 1-3* deep, and the depth of the key should be about 
0*3* deeper. 
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Table IVa.— Keys. 

(Dimensions in inches.) 




Flat key. 



Sunk key. Tangential key. Bound key. 



Shaft d. 
d 



Width. 




Sunk key. 



ins. i 



Tangential I Light keys for excentrics, valve 
key. gear and governors, etc. 



h 



Ids. 



A 
* 

i 

H 

1 

1* 



h 



ins. 



Ins. 



ins. 



it 
it 

A 
A 



A 

10 




Hollow key. 

Hollow keys are only 
used as temporary 
fasteners, i.e. when 
setting the valve 
gear or for small 
powers. 



Feather keys should be bedded in a recess 1'3J deep, and the depth of the key should be about 
O'St deeper. 
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Main Dimensions of a Gas Engine. 
Pages 18 to 24 continued. 

The following Tables, I. to VI., will be found useful for determining approximately the 
principal dimensions of gas engines easily and quickly. To calculate them in small and 
medium-sized engines, power gas (suction or pressure) has been taken as the motive 
agent, with a mean pressure on the piston p m = 60 to 70 lbs. per sq. inch (p. 22).* In the 
larger engines the motive power is assumed to be blastfurnace gas, and the mean pressure 
p m = 57 to 68 lbs. per sq. inch. There is no fixed rule iorp m ; in practice it will be found 
to vary by about 25 per cent. Therefore the values given in the following tables must 
only be taken as rough and approximate estifnates. 

For the number of revolutions Table III., p. 147, has been used, and this table also 
shows for what sizes and types of engine it is necessary to cool the piston with water. 

The maximum output is about 1*2 to 1*4 times more than the normal output (HP) 
given in Tables I. to VI. 



Table I. 




v-y 



E 4 Single-cylinder Engine. 



(Dimensions in millimetres.) 



Normal output . BHP = 



Cylinder diameter . D = 

Stroke S = 

Number of revolutions n = 



10 


15 


20 25 

i 


30 


40 50 


60 80 


100 125 

1 


150 


175 


245 
340 
230 


285 
400 
215 


825 ' 360 
440480 
200 187 


890 
520 
180 


435 ' 485 
5601600 
173 1 165 


525 590 
680 680 
160 1 153 


655 
720 
145 


730 
800 
133 


800 
880 
120 


860 

9501 

113 

1 



200 



925 mm. 
L020 „ 
105 per min. 







(Dimensions in inches.) 














Normal output . BHP = 


10 

m 

230 


15 20 ' 25 

11* 12f ' 14* 
15J 17} 19 
215 200 187 


30 

15} 
20} 
180 


40 

17 

22 

178 


50,60 

19 ,20f 
23} i 24$ 
165 i 160 


80 

23* 
26f 
153 


100 

25| 
28} 
145 


125 

28| 
31} 
183 


150 

31} 
34} 
120 


175 

34 

37* 

113 


200 


Cylinder diameter . D = 
Number of revolutions n = 


36} ins. 

40 „ 

105 per min. 



Table II.— 




si/ 




R 4 = Two-cylinder Engines. 



Z4 = 



?J 



J* 



j[Dimensions in millimetres.) 



Normal output . BHP = 



Cylinder diameter . D = 

Stroke S = 

Number of revolutions n = 



120 


i 

150 1 175 

i 


200 j 225 


250 275 


300 


525 
630 
162 


i 

580 | 640 
670 i 720 
146 I 133 


650 690 
720 760 
150 140 


725 
800 
134 


760 
840 
128 


800 
880 
120 



350*400 450 



500 



860 1 920 975 1030 mm. 

950 1000 ' 1070 1130 „ 

113 106 100 94 per min. 



(Dimensions in inches.) 



Normal output . BHP = 



Cylinder diameter . D = 

Stroke S = 

Number of revolutions n = 



120 

20} 


150 

23 


175 

25* 


200 

25* 


225 


1 

250 1 275 300 

1 


350 

84 


400 


450 

38} 


27* ' 28* 


30 31} 


86* 


24f 


26} 


28* 


28* 


30 , 31} 33 34} 


37} 


39} 


42 


162 i 146 133 

1 1 


150 


140 134 

1 


128 120 


118 


106 


100 



500 



40} ins. 

44} „ 

94 per min. 



* Tbanslatob's Note. — The most modern English gas engines work with mean pressures of 90 to 
95 lbs. per sq. inch for lighting gas, and 80 to 85 lbs. per sq. inch for producer gas ; therefore the power 
of these engines can be increased in proportion. 
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Table III.— £l l3 " ■ (jj j) D 4 Single-cylinder Engine. 



(Dimensions in millimetres.) 



Normal output . . BHP = 



Cylinder diameter . . D 

Stroke S 

Number of revolutions n 



200 


225 250 


275 


300 


J 


400 


450 


500 


550 


660 
790 
180 


690 
830 
124 


730 
880 
116 


770 
920 
110 


960 
106 


865 

1040 

98 


925 

1100 

92 


980 

1170 

87 


1080 

1240 

88 


1085 

1800 

78 



600 



1180 mm. 
1850 „ 
75 per min. 



(Dimensions in inches.) 



Normal output . BHP = 



Cylinder diameter . . D 

Stroke S 

Number of revolutions n 



1 ! 
200 225 250 275 300 


350 


400 


450 


500 


550 


26 27 

81 : 32| 

130 124 


28| 
34f 
116 


30* 
36* 
110 


31* 
87f 
106 


84 
41 
98 


86$ 
48$ 
92 


88$ 

46 

87 


40$ 

49 

88 


42f 

51 

78 



600 



44$ ins. 
53 



M 



74 per min. 



Table IV.-£j [3 fcE3 --IT) 




(Dimensions in millimetres.) 



R D 4, Two-cylinder, 
ftZ D 4, Two-cylinder Engine. 



Normal output . BHP = 



Cylinder diameter . . D = 790 

Stroke S = 

Number of revolutions n = 



600 


650 

820 


700 


750 


800 



910 


790 


850 


880 


950 


980 


1020 


1060 


1100 


108 


104 


100 


97 


93 



900 ,1000 




1300 



1160 mm. 
1400 „ 
78 per min. 



(Dimensions in inches.) 



Normal output . BHP= 



600 650 



700 750 800 



900 



1000 1100 1200 1300 



Cylinder diameter . . D = 

Stroke S = 

Number of revolutions n = 



81 
87$ 
108 



82} 
88} 
104 



88$ ' 34$ 
40 41| 
100 97 



86 

43} 

93 



88 


40 


42 


44 


45f 


48$ 


50 


53 


88 


88 


80 


76 



46 ins. 

55 „ 

78 per min. 



Table V. 



E Z D 4 Four-cylinder Engine. 



(Dimensions in millimetres.) 



Normal output BHP = 



Cylinder diameter . D = 

Stroke S = 

Number of revolutions n ~ 



1200 


1300 


1400 


1500 


1600 


1700 


1800 


1900 


2000 


2100 


2200 


2300 


770 
920 
110 


800 
960 
106 


840 

1000 

100 


865 

1040 

98 


900 

1080 

95 


920 

1100 

92 


950 

1140 

90 


975 

1170 

87 


1000 

1200 

85 


1025 

1280 

88 


1050 

1260 

81 


1075 

1300 

80 



2400 



1100 mm. 
1820 „ 
77 per min. 



fr 
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Table V. — continued. 

(Dimensions in inches.) 



Normal output BHP = 



Cylinder diameter . D : 

Stroke S = 

Number of revolutions n • 



1200 


13001400 


1500 


1600170018001900 


20002100 


22002300 


80} 
86 
110 


31} 
37f 
106 


83 

39} 

100 


84 
41 
98 


35} 
42} 
95 


361 
43} 
92 


87} 

45 

90 


38} 
46 

87 


39} 
47 

85 


40} 

48 

83 


41} 

50 

81 


42} 

51 

80 



48} ins. 
52 „ 
77permin. 



Table VI. — Double-acting, Two-cycle, Single-cylinder Engine (D 2 1 Cyl.). 

(Dimensions in millimetres.) 



Normal output . BHP = 



Cylinder diameter . D = 

Stroke S = 

Number of revolutions n = 



200 

480 


250 

540 


300 

590 


350 

635 


400 

680 


450 

725 


500 

760 


550 


600 


700 

900 


800 

965 


900 

1020 


795 


885 


820 


920 


1000 


1080 


1160 


1280 


1300 


1350 


1420 


1530 


1640 


1730 


108 


96 


88 


82 


77 


72 


68 


66 


62 


57 


54 


52 

1 



1000 



1075 mm. 
1820 „ 
48 per min. 



(Dimensions in inches.) 



Normal output BHP = 



Cylinder diameter . D : 

Stroke S : 

Number of revolutions n ■ 



200 

19 


250 

21* 


300 

23} 


350 
25 


400 

26$ 


450 


500 


550 


600 

38 


700 

85} 


800 

38 


900 

1 


28* 


80 


31* 


40 


32} 


36 


39 


42} 


45} 


48} 


51 


58 


56 


60 


64} 


68 


108 


96 


88 


82 


77 


72 


68 


66 


62 


57 


54 


52 



42 ins. 

71} „ 

48 per min. 



These engines, i.e. D 2 with two cylinders, if of the same dimensions and arranged 
side by side or twin, will give twice as much power as stated above. 

If the above tables be used to determine the approximate dimensions of a large gas 
engine, the values must be expressed in round numbers. 

Example I. — Required to determine the approximate dimensions of a 250 BHP R4 2 cyl. 
engine (four-cycle tandem), and of a D2 single-cyl. engine (double actiug, two-cycle). 

For an K4 2-cyl. engine, Table II. gives : D = 28£" ; S = 31£" ; n = 134. 
For a D 2 single-cyl. engine, Table VI. gives : D = 21£" ; S = 36" ; n = 96. 

Example n. — A blast furnace gas engine, driving a blowing engine, is required to develop 
2400 BHP (normal output). What size of engine would be best for the purpose? The most 
suitable would, according to Table V., be an R ZD4 2-cyl. engine, with — 

D = 43£"; S = 52"; n = 77. 

Example HI. — According to Table IV., a 1000 HP It D 4 2-cyl. engine (tandem, double-acting, 
four-cycle) should have D = 40" ; S = 48i" ; n = 83. If the engine runs at the lower speed 
of 72 revolutions per minute, what will be tie HP developed ? 

Since the output is in proportion to the number of revolutions, if n = 72, then — 

~ . . 1000 x 72 __ ^ 

Output = g = say 870 HP. 



^ 
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To make the subject clearer, and to afford means of drawing a better comparison, we 
subjoin tables giving the power developed by steam engines, and their corresponding 
dimensions. 

As already mentioned at p. 30, it is necessary to run gas engines at a higher speed 
than steam engines of the same power. The number of revolutions given in the following 
Tables, VII. to IX., correspond to those in present practice : — * 

Table VII. — Single-cylinder Condensing Engine. Boiler Pressure 100 lbs. per sq. inch. 

p m taken at = 88 lbs. per sq. inch ; y = 0*88 ; S = T7D ; hence normal output BHP = * 10 q- 

\/ n 
(Increased output 1*25 times the normal, maximum output 1*5 times the normal output.) 

(Dimensions in millimetres.) 



Normal output BHP = 



Cylinder diameter D 
Stroke . . . . S 
No. of revolutions n 



10 



170 
290 
175 



15 



195 
880 
168 



20 



220 
880 
168 



25 



30 



240 
410 
158 



880410440490 
148 



250 
440 
153 



40 50 



280810 
540 



135 



60 



80 



390 



340 
580 
127 114 



100125150175 



660780 



480 
780 
104 



470 

800 

98 



510 
870 



540 
920 



95 92 



200 



570 

970 

89 



250 



630 

1070 

84 



300 



680 

1150 

80 



400 



750 
1300 

77 



500 



600 



700 



830i 870980 
14001500 



75 



74 



mm. 
1600 „ 
72 per min. 



(Dimensions in inches.) 



Normal output BHP = ,10 15 j20 



Cylinder diameter D 

Stroke S 

No. of revolutions n 




25 30 40 50 60 80 



9*10 111 !12*13*|15*17 



8f _ 
15 16*17*19*21*23 26 

163,158158 143 135 127 114 



100 



28f 



125 150175 200 250 300 400 500 600 700 



18* 
31* 



104 98 



20 21* 22* 
34* 36* ! 38* 
95 92 ! 89 



25 
42 

84 



26} 29* 

45* 1 51* 

80 77 



32| 
55* 
75 



34* 36* ins. 

59 68 „ 

74 72 per min. 



Table VIII. — Tandem Condensing Engine. Boiler Pressure 130 lbs. per sq. inch. 

p m taken at = 38 lbs. per sq. inch ; rj = 0*88 ; S = 1-15D ; hence normal output HP = — =Fe?r 

7ooU 



D = 19 " 6 \/ 



HP 
n 



(Increased output 1*2 times the normal, maximum output 1*4 times the normal output.) 

(Dimensions in millimetres.) 



Normal output) 
BHP )- 



Diam.ofHPcyl.<2= 
Diam. LP oyl. D = 
Stroke . . . S= 
No. of revs. . n= 



40 



190 
315 
360 
158 



50 75 



210245 



340400450 



400460 
154145 



100150200 



270 



510 
137 



250 



325 
530 
610 



370 
605 
700 



122' 111 



410 
670 
770 
102 



300400500 600700 



440 490 1 540 585 620 



720 

830 

98 



810 890 . 960 1020 



800 



650 
1080 



900 1000 1200 1400 15001750 2000 



930 
92 



1020 1105 



87 



84 



1170 1240 



82 



80 



680 
1125 
1800 

78 



720 '760 



1180 

1360 

76 



1250 

1440 

75 



800 830 
1325 1360 



1520 
74 



1560 
78 



875 

1440 

1660 



920 mm. 
1510 „ 
1740 „ 



72 71 per min. 



* The number of revolutions in Tables VII. to IX. correspond to those in the Author's book on 
11 Valve Gear," Edition 1903, p. 368. 

O 
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Table VIII. — continued. 

(Dimensions in inches.) 



Normal output \ 
BHP . . / 

Diam. of HP cyl. d. 

„ LPoyLD: 

Stroke . . . S = 

Number of revs, n 



1 
40 50,75 


1 1 ' ! ' " 1 

100 150 200 250 300 400 500 600 700 


i 

7} 8}, 9} 
12} 13}ll5} 
14} 15} 18 
158154 145 


10} 12} 
17} 20J 
20 24 
187 122 


H* 
24 

27* 

111 


i 
j i 

16} 17} 19}! 21} 

26* 28* 82 35 

30} 32} 36} 40 

102 98 92 87 


23 
38 
43} 
84 


24} 

40 

46 

82 



800 900 1000 1200 1400 1500 1750 2000 



25} 26} 28}! 30 
42}| 44} 46} 49} 
48} 51} 58} 56} 
80 78 i 76 i 75 



31} 32} 



52} 

60 

74 



53} 
61} 
73 



34} 36} ins. 
57 59} „ 
65} 68} „ 
72 71 per min. 



Table IX.— Compound Condensing Engine. Boiler Pressure 130 lbs. per sq. inch. 



p m taken at = 33 lbs. per sq. inch ; y\ = 0*88 ; S = 1-15D ; hence normal output HP = 

BHP 



D 3 x n 
7550 



:l /BHF 

D=19 V-s- 



(Increased output 1*2 times the normal, maximum output 1*4 times the normal output.) 

(Dimensions in millimetres.) 



Normal output . BHP = 



40 50 75100150200250 



Diameter of HP cyl. . d 
LP „ . D 

Stroke S 

Number of revolutions n 



200 215 
325360 
875 410 



143 



136 



255 
420 
490 



285 
470 
540 



340,890 
560 680 



645 



126! 117! 105 



730 
97 



300400500 



430 

700 

810 

89 



460 

755 

870 

86 



520 
850 



600 



570 
940 
9801060 



80 



75 



615 

1010 

1160 

72 



700 800 90010001200 



660 

1080 

1240 

69 



1400 



690 720 



1180 

1300 

68 



1180 

1360 

67 



750 
1230 



810 
1320 



850 mm. 
1400 



1420 1520, 1610 



11 



11 



66 64; 63 per min. 



(Dimensions in inches.) 



Normal output . BHP = 



Diameter of HP cyl. . d 

LP >. • D 

Stroke S 

Number of revolutions n 



40 


50 


75 


100 


150 


200 


250 


300 


400 


500 


600 


700 


800 


900 


8 


8} 


10 


11} 13} 


15* 


17 


18} 


20} 


22} 


24} 


26 


27} 


28} 


12|.14} 


16} 


18} 


22 


24} 


27} 


29} 


38} 


87 


89} 


42} 


44} 


46} 


14} 


16} 19} 21} 


25} 


28} 32 


34} 


38} 


42} 


45} 


49 


51} 


58} 


143 


186 


126 


117 


105 


97 


89 


86 


80 


75 


72 


69 


68 


67 



90010001200 1400 




32 I 83} ins. 
52 56 „ 
60 63} „ 
64 . 63 per min. 



Example I. — Required to determine the approximate dimensions of a 250 BHP single-cylinder 
condensing steam engine, and of a compound condensing steam engine. 

For the single-cylinder engine Table VII. gives D = 25", S = 42", » = 84. For the compound 
ine Table IX. gives d = 17", D = 27*", S = 32", n = 89. 



engine 



Example n. — A steam engine driving a rolling mill develops at normal load 1500 BHP ; what size 
of engine should be chosen ? 

According to Table VIII., the best size will be a tandem engine having d = 32£", D = 53}'', 
S = (in round numbers) G2", n = 73. 
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Exanpla EL— According to Table IX., in a 1200 HP engine d = 32", D = 52", S = 60", 
n = 64. What HP will be developed if this engine runs at 52 revolutions per minute 1 
As the output is in proportion to the speed, if re = 52, we shall have — 

Output = 120 ° 6 * 5 ' 2 = 975 BHP. 

The values given for the stroke in Tables VII. to IX. must be expressed in round numbers in 
the same way as those of gas engines, and made to agree with the standard dimensions in Haeder's 
hook on " Steam Engines." 

Speed in Gas and Btaam Engines. 
The diagram, Fig. 1, shows the number of revolutions at which gas and steam engines 
are at present usually run. In the larger gas engines blast furnace gas is taken as the 
motive power, as suction and power gas plants are not made for higher powers. 



Normal Output in Brake HP. 
Pie. 1.— Number of Revolutions per minute for a given HP developed. 

The lines in the above diagram denote — 

— ■ E 4 single cyl. Single-acting, four-cycle engine, one cylinder. 

X 4 two cyl. „ „ „ two 

_ . . . . . d 4 single cyl. Double-acting „ ,, one 

1) 4 two cyl. „ ,. „ two 

D 4 foul cyl. „ „ „ four 

D3 single cyl. „ two-cycle engine, one 

D 2 two cyl. „ „ „ two 

— Single cylinder, compound and triple expansion steam engines.* 

— Tandem steam engine.* 

Exampla, — What would be the number of revolutions in a D 4 two-cylinder (double-acting, four- 
cycle) blast furnace gas engine, having a normal output of 950 BHP? 

The diagram, Fig. 1, at this power, gives is = 84 revolutions per minute. 

* The speed is otten much higher in these engines, especially if vertical. 
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Section VII.* Costs of Working Gas and Steam Engines. 

In estimating the relative cost of working different kinds of engines, a wide margin 
may be allowed in comparing the economies realised. The steam engineer manipulates 
his figures in favour of steam plants, and the gas engine builder does the same for gas 
engines. 

Working Costs. 

To separate the cost of the fuel from the cost of maintenance, we will make the 

Working costs = subsidiary costs + cost of fuel, 

(a) Cost of the Plant. 

In determining these costs we must assume a proportionally higher output for the gas Qngine, 
because in order to have the same reserve of power in both cases the 

Maximum output of the steam engine should be = maximum output of the gas engine. 

We must therefore put the cost of the gas engine and producer higher than is sometimes done, 
because specifications are often based on the maximum output, or on 0*85 x maximum output, 
whereas in steam engines it is always understood that 0*7 of the maximum output is taken as the 
basis of calculation (in Germany). 

Table I.— Cost of Installation, including Buildings, etc. (therefore of Plant complete) 

per HP at Normal Load. 

Normal load = a 7 of maximum load. 



Maximum output 
Normal output 



14 
10 



42 
30 



Cost of complete ) n a e A „ . „ a 
plant per HP ^ ^^ 
at normal load) Steam engine 



£ 


£ *. 


£ *. 


36 


23 10 


18 10 


36 


24 


21 



70 100 i 140 

60 70 ! 100 



210 420 700 
150 300 600 



1400 BHP 
1000 



i» 



£ *. 
15 15 
18 



£ 

14 
16 



£ *. 
12 5 
14 



£ #. 
10 15 
12 



£ 

10 
11 



£ *. 
9 5 
9 10 



Example. — A plant developing 100 HP at normal power costs, if worked with power gas, 
100 x 14 = £1400 ; if worked with steam, 100 x 16 = £1600. Under specially favourable circum- 
stances the costs of construction and erection mav be taken at 25 % less. 



(b) Depreciation. 

As explained at p. 59 et seq., the forces acting on tits cross head, etc., and the inertia of 
t/te moving parts are greater per HP in gas than in steam engines. To keep the dimensions 
of the crank shaft, for instance, within moderate limits, it is usual to allow for greater 
.stresses in the former engines. The following Table II. gives the comparative values of 
the stresses on the crank shafts of various engines. 

* This section is added to form a guide for the Btudent in estimating the first cost and running 
expenses, etc., of a gas engine installation, but the figures do not clearly show the enormous saving to 
be effected by replacing steam plants by gas engines, as they relate to gas engines worked with pro- 
ducers stoked with anthracite or lignite briquettes (both most expensive fuels), whereas the steam 
engines are supplied with steam generated by boilers under which cheap coal is burnt. As it is now 
possible to generate gas in a producer from any kind of fuel or even refuse (some classes of refuse 
which are converted into gas in producers cannot be burnt under boUers at all), in order to make a 
fair comparison between the costs of the two systems, it is necessary to use the same fuel in both cases. 
Again, the cost of attendance is taken as the same in both cases, whereas the attendance in a power 
gas plant has been reduced to a minimum. 



WORKISO COSTS. 
Table II.— Stresses on Clank Shafts. 



j-jka rrnrmfflfcgiicpa 



Pio. 1. — With two bearings. Fig. 2. — With three bearings. Fig. 3.— Two-throw crank shaft. 



Crank ahaft, Fig. 1, gas engine developing 



. 110 



100 
Bj Ensslin's method, Fig. 8, gas engine de- 
veloping 100 

Crank shaft, Fig. 3, steam engine developing . 650 
By Ensslin's method, Fig. 3, steam engine 
developing 650 



5 HP !12,20011,4O0 
'".1,70010,000 
4,000 10,000 
11,500 



12,000 7,800 — :10,00010,700 

10,000 7,000'2,800, 8,900 £ 

10,000 8,800:4,36011,300 £ 

7,300 6,0005,700 

7,50010,000 5,700 -. 

= i 

3 
,900 5,6003,100 •§ 4,500 



To compare the stress 
been calculated by the ai 



Allowing for the inertia of < m 
the moving parts \ m 



a 6oU HP stean 
a 100 HP gas t 



engine 



= 4000 



lbs. per sq. ii 



By Ensslin's method . . | ; -■- crq h]i 8team eD ,rj ne = 4500 

Botli methods show that the average stresses on the crank shaft of a gas engine are abc 
1 > times greater than the stresses on a steam engine shaft. 

" ' ' in the stresses and taking the average as given above, we get— 

His. per tq. in. Stresses in a steam engine — 4000 lbs. per sij. i 



Neglecting the various chant 

Stresses in a gas engine = 76 
(Table II.). 

Taking again the life of a steai 
per sq. in. (say 31 tons per sq. 

the side shows that the life of a gaa engine crank shaft under 
the same conditions = 18 years. 

The same rule applies to the stresses in the other parts ot 
the engine. For instance, the effects of the high temperatures 
on the cylinder and valves, to which the frequent cracking of 
badly designed breech ends, and distortion of the exhaust valve 
hear witness, are considerably greater in gas than in steam 
engines. 

The allowance for depreciation, therefore, should after ten 
years be three-quarters the original value of a gas engine, and 
hall the original value of a steam engine. In other words, for 
depreciation and interest on capital — 

'/ a of the value, when new, of a steam engine, and 



:ngine crank shaft = 30 yearn, and the breaking load = 70,0001bs. 
,), the diagram plotted at 







s engine, should he written off. 



(e) Subsidiary Costa. 
.._ ..Wile up as follows: Interest on capital, depreciation of engine and buildings, 
e and repaint, lubrication and cleaning, attendance, lighting, insurance, cleaning the 
boilers, and general ijverhauling. 
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To determine these subsidiary costs accurately, they should be separately calculated 
for each case. Only the results of approximate values and rough averages are given in 
Table III. below. Bather more, as has been explained, is written off for gas than for 
steam engines, but the consumption of lubricating oil, attendance, maintenance, and so 
forth, are taken as the same for both.* 

Table III. — Subsidiary Costs per HP hour, for Gas and Steam Engines, exclusive 

of Cost of Fuel. 



Normal output . . . 


10 


80 


50 


70 


100 


150 


300 


500 


1000 BHP 


Cost for gas engines 


0-63 


0-375 


0-28 


0-285 


0222 


0-188 


0-177 


017 


0*15 penny 


„ steam engines 


0-53 


0-88 


080 


0-25 


0-22 


0-19 


0-17 


015 


o-u „ 



These figures are calculated on a basis of 3000 working hours in the year. For night and day 
shifts they vary slightly, because the interest on capital is spread over almost twice as much time. 

(d) Price of Coal and Steam. 

Anthracite in pieces of from f to l£ inch is used for suction gas producers, also 
lignite briquettes, 2|" x 2£" X l£" ; and bituminous coal, lignite, peat, wood clippings 
and shavings, or any kind of fuel, or even refuse. 

It is possible to determine approximately the prices, in various districts, of German 
and English anthracite, and of lignite briquettes,! for driving gas engines. Allowing 
for the unavoidable waste in screening the coal before use, and in transport, we may 
take the 

Price delivered at the engine Jwuse = 1*1 x price of the anfliracite at the pit's month, plus 

1*1 x cost of transit by rail.% 

If the coal is required for small industries, in quantities of less than 10 tons, 15 % to 
25 % must be added to the prices. For steam engines the different kinds of coal used 
must be considered. Even in the same district, and from the same pit, the 
characteristics of the coal (its heating value, clinker ash, etc.) will be found to vary 
greatly. To accustom the student to calculate examples, a few average values for various 
coals are given in Table IV. (and in greater detail in Haeder's " Dampf kessel," 
4th Edition, p. 407). 

Since in generating steam many different kinds of fuel are used (poor coal, cheap coal, wood 
refuse, etc.), it is hardly possible to take the consumption of coal per HP hour as the unit of 
comparison. Better and more reliable results will be obtained if the calculations for steam engine 
consumption are based on the 

Cost of the quantity of coal required to generate 10 lbs. of steam. 

This can always be easily determined. Table V. gives approximate values of the cost of fuel 
on this basis for various districts. 

According to the type of boiler plant, whether more or less efficient, it is possible to generate 
from 8 to 12 lbs. of steam, say a mean, easily attained, of 10 lbs. from coal containing 16,200 thermal 
units per lb. 

* Translator's Note. — The cost of attendance for a gas engine plant in England is from 30 % to 
75 % less than for a steam engine plant. 

t Very little used in England. 

X The further the coal has to travel, and the more often it is transhipped, the greater will be the 
waste in screening. 
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Table IV.— Residual Products, Heating Value, Evaporative Power (mean) and Price 

of Coal and Steam in Various Colliery Districts. 



1. Anthracite, 



Westphalian 

Belgian 

English 

Buhr 

Saar 

Upper Silesia 

Northern Silesia f . . . 

Saxony t 

Aix-la-Chapelle .... 

Bohemia 

Province of Saxony t • • 
Southern Bavaria .... 
Cologne and Aix-la-Chapelle 



Residual pro- 
duct* in % 
Mean fa. 



3 

2-5 

1-6 



Heating values. 

B.Th.U. per 

lbs. 



14,300 
14,800 
14,700 



1 lb. coal yields, 


Price in neighbourhood of colliery of 


of steam, 
lbs. 


lib. coaL 
Pence. 


10 lbs. steam.* 
Pence. 


— 


001 
001 


■ , -■ 



2. Hard or Bituminous Coal. 



10 
12 

5 

9 

7-5 
19 



13,160 
11,860 
12,600 
11,150 
11,160 
11,250 



8. Lignite or Brown Coal. 

10 9,000 

10 5,950 

17 7,850 

10 9,000 



8-5 
7-8 
8-0 
7-3 
6-8 
7-2 



5-6 
2-7 
5-1 
5-6 



0048 


0*059 


0.053 


007 


0037 


0-059 


0048 


0-08 


0-048 


0069 


0048 


007 



0087 
0022 
0087 
0043 



007 
0-059 
0096 
007 



To determine the average values, the freight charges by rail or water, and the cost of transport 
of the coal to its destination, must be taken into account. 

Tables V. and X. give approximate values of the cost of fuel, which should be checked and 
additions made. 

To determine the prices of authracite and steam in various 'widely separated districts, the author 
has procured information through inquiries in Haeder's Zeitschrift, No. 1, 1904, and other sources, 
and also from Reports issued by the Imperial Ministry of the Interior (the latter, however, only gives 
prices for house anthracite). Several of the places mentioned below show considerable differences 
in price. 



Table V. — Comparative Values of the Cost of Fuel. 



Normal 
output 



Cost, including all ex- I Duisburg. KOnigsberg. ! JJa2£ 

penses,of— j \ L 

1 lb. anthracite i u*112 0*2 0-21 

10 lbs. steam • q-095 0-19 0-088 



Bitterfeld, 
Saxony. 



0-19 
0082 



iPence 



i» 



Consumption per BHP : Gas. Steam. Gas. , Steam. Gas. Steam. Gas. Steam. Gas. Steam. 
50 BHP: i ib. anthracite i 012 0-21 i 0-22 . _ ' 02 Pence* 



20 lbs. steam 



: 0176 



300 
BHP 



0*9 lb. anthracite 
14*5 lbs. steam 



0-1 



0-28 



0126 



0-18 



0-2 



0-16 



015 



0-2 , I 017 ' 

0-116 . 0-108 



»» 



Pence* 
»> 



* By cost of steam must be understood only the cost of the coal required to generate it. The 
other subsidiary costs will be found under Working Costs, head (c). 

t In these districts lignite and hard coal are used. 

X If lignite briquettes are used, the price will be 0-Olri. less, if there are lignite mines in the 
neighbourhood as, for instanoe, at Bitterfeld. 
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The cost of fuel in Table V. has been worked out from Tables VIII. and IX. These tables 
show that the question of the economy to be effected in fuel by using gas engines in place of steam 
engines can only be determined separately for each case. 

For instance, Table V. shows that 

For engines developing 50 BHP at Konigsberg, it is 25 % cheaper to drive them with gas than 

with steam. 
., „ ,, 300 BHP „ „ 9-3% cheaper to drive them with gas than 

with steam, 

when the producers are stoked with anthracite (a most expensive fuel) and the steam boilers 
stoked with cheaper fuel. 

If the same fuel is used in both cases, the saving in favour of gas engines will be still greater. 



(e) Consumption of Fuel. 

Gas engine builders generally give the consumption of fuel only at maximum load, 
although they do not draw attention to the fact. In practice this maximum load is seldom 
attained ; it is of more importance to determine the consumption at lesser loads, because, 
as already explained at pp. 209, 210, it is necessary at the outset to select an engine 
giving higher powers than those usually required of it. 



Gas Engines. 

The best consumption of fuel (i.e. the most economical) 
is realised when the engine is running at maximum load. 

Consumption of fuel in gas engines (mean values). 

Output = 1 0-9 0*8 0-7 0-6 0*5 0'4 of full load. 
Ratio of consumption 

= 1 1-05 1-10 1*20 1*30 1-50 1-7 

Consumption when running light = 0*45 of consumption at 
full load. 

Example. — A suction gas plant in which the consumption 
at maximum load is 1£ lb. of lignite per HP hour, is to run 
under 0*4 of the maximum load. Therefore we may calcu- 
late consumption = 1*5 x 1-7 = 2*55 lbs. lignite per HP hour. 

In oil engines in which the oil is injected into the 
combustion chamber (as in the Diesel, Trinkler, etc.), the 
relative consumption does not increase with diminishing load 
to the same extent as in gas engines. 

Consumption of fuel in oil injection engines. 

Output = 1 09 0-8 0-7 0*6 0*5 0-4 

Ratio of consumption = 1 1-01 T04 1-09 1-14 1-22 1*34 

Consumption running! a o e *i *• j. v n i j 

j- tr _ t L 8 |= 0*3 of the consumption at full load. 

Example. — A Diesel engine consumes at maximum load 
0'44 lb. of crude oil per HP hour ; at one-half the maximum 
load, therefore, the consumption will be — 

0-44 x 1-22 = 0*54 lb. per HP hour. 



Steam Engines. 

In steam engines the normal out- 
put or load is taken to mean the 
output at which the cost of working, 
including interest on capital, sinking 
fund, and repairs to engine and boiler, 
are reduced to a minimum. 

The most economical consumption 
of fuel is obtained when the engine 
is running at about 0*85 of the maxi- 
mum load. Mean experimental values 
show that the consumption of fuel 
in steam engines is (normal load 
being = 1) — 



Output = 
1-4 1-2 1 



0-85 0-G 0-4 



Ratio of consumption = 
1-10 1-05 1 0-96 1-02 



1-07 



Consumption when running light 
= 0*12 of consumption at full load. 

Example. — A steam plant at nor- 
mal output consumes 2*64 lbs. coal 
{>er HP hour. At 0*4 of the normal 
oad the consumption will be 

= 2-64 x 1-07=2-8 lbs. per HP hour. 

To make an accurate comparison * between a steam and a gas engine, we must allow for the 
consumption of fuel in the same way as for the cost of the plant (see p. 210), namely — 

Normal load = 0*7 of the maximum load. 



* Translator's Note.— To make an accurate comparison the same fuel should be burnt under 
the boilers as that used in the producer. 
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If, for instance, 100 HP are required to drive a factory, the choice lies between a steam engine 
and a gas engine with a maximum of 140 HP; thus, in both types of engine we shall have the same 
reserve of power. Under normal conditions 70 % of the maximum power will be utilised, and the 
calculation of the working costs must be based on this percentage of output. 

Table TIL — Comparative Values of the Cost of Consumption of Fuel in Proportion 

to the Percentage of Maximum Power developed. 



Output 



Gas | Hit-and-miss governing . . 

engines! Quantity or quality governing 

Steam engines 



Full 
load 
(maxi- 
mum). 

1 
1 
1-1 



0-9 0-8 0*7 0-6 0-5 0-4 0-3 



105 1-10 
1-06 1-15 
1-08 102 



1-17 
1-25 
1 



1-26 
1-40 
0-96 



1-40 1-6 
1-6 , 1-85 
1-02 ' 1-07 



0-2 01 of 
max. 



1-9 
2-4 
1-15 



2-5 
8-4 
1-8 



4-5 
6-4 
1-6 



In Table VIII. the figures given for the consumption of anthracite in gas engine plants at maximum 
load are based on actual practice, and have been re-calculated for lesser loads with the help of 
Table VII. 

In Table IX. the consumption of steam experimentally determined is given for the normal output, 
or about 0*7 of the maximum. 

The figures printed in black type in Table VIII., giving the consumption at normal load = 0*7 ot 
the maximum load for gas engines, may be compared with the similar figures in Table IX. for steam 
engines. 

In a gas engine the smaller the load, the less favourable (i.e. the less economical) is the 
consumption, as a comparison of the figures in Table VII. will show. The higher the load in these 
engines, the more economical the consumption. 

Table Till. — Consumption of Anthracite in a Gas Engine Plant in lbs. per BHP hour. 

(Hit-and-miss governing.) 



Maximum output HP nuu . 

Normal output HP 



14 
10 



Consumption of 
anthracite in lbs. 
per BHP hour 



at maximum HP = 1*2 
„ 0-7 „ „ = 1-4 

„ 0-5 ,. „ = 1-68 



>» 



40 
30 



0-96 
111 
1-83 



70 , 100 
60 70 



140 210 
100 160 



0.9 0-88 0-86 . 0*82 
1-05 1*08 l'OO '0-96 

1-26 1-23 1*20 i 1*20 



420 
800 



700 
500 



1400 BHP 
1000 



>» 



0*77 0-75 0-7 lbs. 
0*9 0*88 0*84 „ 
108 | 1-05 0-98 „ 



If lignite briquettes are used, the values in the above table must be multiplied by 1"65. 



Table IX. — Consumption of Steam in a Modern Steam Engine Plant, per BHP hour, 
taking the Normal Output = 0*7 of the Maximum Output. 





= 


14 , 40 
10 j 80 

i 

88-1 27*6 
28-7 26 
24-8 22 


i 70 100 
1 60 70 

22-5 21-2 
19-9 185 

17-6 16-3 


140 
100 

19-4 

17*2 

16 


210 
160 

17-5 
15-5 

13-7 


420 
300 

16-8 
146 

12-8 

i 


700 
600 

16-6 
141 
12-6 


1400 BHP 
1000 „ 


Consumption of | Saturated steam . 
steam : lbs. per < Superheated steam 
BHP hour 1 Highly „ 


=r 


14-8 lbs. 
13-5 „ 
119 „ 
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Example from Tables VIII. and IX. — A 100 HP engine is required for a factory at Cologne. 
We take the maximum output = 100 : 0*7 = 140 HP. 



100 HP Suction Gas Plant 

From Table VIII. Consumption of anthracite * 

= 1-0 lb. per UP hour. 

„ ,, X. Price of authracite per lb. 

= 0-13d. per lb.* 

Therefore cost of fuel = 0-13 x 1*0 = 0-130d. 

From Table III. Subsidiary costs . = 0222d. 

At 0*7 of maximum output — 

Total working costs per HP hour = 0*352rf. 

At 0*5 (half) maximum load — 

1-2 x 0-13 + 0-22 = 0-376d. 

At maximum load — 

0-86 x 0-13 + 0-22 = 0332d. 



100 HP Steam Engine Plant with Superheated 

Steam. 

From Table IX. Consumption of steam 

= 17-2 lbs. per HP hour. 

„ „ X. Cost of 10 lbs. = 01c?. 

17*2 x 0*1 
Therefore cost of fuel = — ^ = 0*17r/. 

From Table III. Subsidiary costs 

= 0-22d. per BHP hour. 
Total working costs per BHP hour = 039rf. 

1-02 - 7 '^— 1 - + 0-22<2. = 0'40-i. 



1-1 



17-2 x 0-1 
10 



+ 022rf. = 0-41rf. 



According to these figures the working costs at Cologne of a gas engine and producer using the 
most expensive fuel (anthracite), and a steam engine working with cheap coal, show a considerable 
saving in favour of the gas engine. 

The following Table X. shows the results calculated for different towns in Germany. Places in 
which coal is exceptionally cheap, as in Table V., are omitted. The calculations are worked out for 
the normal load, viz. 0*7 of the maximum. 

Table X. — Working Costs and Costs of Fuel in Pence per Brake HP hour. 

(8000 working hours in the year. The steam is assumed to be moderately superheated. The figures 

to the right in each column show the total cost of working.) 



Subsi- 
diary ' 

costs. : 



Cost including freight charges— 
Westphallan anthracite per lb. — 
Goal to evaporate 10 lbs. of steam — 



Essen. , Cologne. 



o*ll 

0-85 



0*13 
O'l 



Han- 
over. 



0*15 
0*11 



i Magde- 
I burg. 



0-17 
0-12 



i Dresden. 



0*2 
0*16 



Frank- 
fort. 



Brealau. , Berlin. 



Normal output 10 HPJj^J 

Gas [ 
Steam 
Gas 
Steam 



Normal output 50 HP^ 
Normal outpnt 300 HP -J 



053 

0*63 
0*2*4 
0-3 
0*18 

o*i7 



0'15 
0-15 
0*11 



0*68 0-17 0-710-21 0*740-24 '76 1 0*28 0*81 
0-79 0*3 0*79 0*32 0*85 0-35 0*89 0*46 1*0 



0*41 



:0*165 0*5 

10*106 0*3 0*12 0-3 



0*13 0*41 
0*2 0*5 



0*25 0*54 
0*15 0*33 
0*13 0*32 0*15 0*32 0*17 0*330-18 0*33 



0*15 0*46 
0*23 0*54 
0*14 0*32 



0*18 0*46 0*21 0*5 



0*32 0*61 
0*19 0*36 
0*24 0*39 



0*155 | 


0*11 J 


0*21 0*74 


0*31 0*84 


0*16 0*46 


0*21 0*61 


0*14 0*32 


0*15 0*32 



0*225 
0*11 



0*18 
0*11 



Pence 



0*32 


0*85 0*26 0*79 


Pence 


0*32 


0*8510-32 0*85' 


»» 


0*24 


0*52 0*19 0*52 


■> 


0*23 


0*52 0*23 0*62 


•t 


0*2 


0-380*16 0*34 


»» 


0*165 0*33,0*16 0*33 

1 1 1 


t* 



If the gas generator is stoked with lignite briquettes, see remarks at Table IX., p. 214. 

Example from Table X. — For a 300 HP plant at Dresden the working costs would be : with 
suction gas, 0*36d. ; with steam, 0*39c?. per HP hour. 

The above figures are only available for the normal output of an engine = 0*7 of the maximum 

load. The cost of driving it at maximum load can also be worked out from Tables VII. to IX. It 

1*25 — 1 
will be seen that the cost of fuel is in that case 20 % less for gas engines — ns*— x 100 = 20 %, and 

10 % higher for steam engines. 

On the other hand, at half load, the cost of the fuel in a gas engine is 27 % higher, and in a steam 
engine 5 % higher ; for instance — 

At Cologne (Output = 420 HP maximum. 300 HP normal. 210 HP half load. 
Normal J Gas = 0-108 0'12 0'15 \Pence per 

Output 300 HP(Steam = 0'13 0-12 0*125 /HP hour. 

* Lignite works out at 0'l9d. 
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Besides the special local conditions, therefore, the load at which an engine will usually be run 
must, in comparing gas and steam, be also carefully kept in view. 

The gas engines show the greatest superiority over steam engines in cases where the load is 
intermittent, or where the engine is only run for a few hours a day. 

If fuel in the form of gas, such as blast furnace gas or coke oven gas, is available, it is better to 
drive an engine direct with gas, instead of burning the gas under boilers, since gas engines are now 
quite reliable and run continuously day and night for long periods. 

Heating Value of Exhaust Steam in Steam Engines up to 30 HP. 

If the exhaust in non-condensing engines can be completely utilised for industrial purposes, the 
cost of fuel may be halved ; if it is used in winter only, for heating, the cost may be reduced by 25 %. 
The exhaust gases in gas engines contain only from J to J the heat units carried off in the exhaust 
of steam engines. According to the size of the plant, the 

Exhaust in non-condensing steam engines contains about 24,000 to 30,000 B.Th.U. per HP hour. 
,, gas engines „ „ 4,760 to 3,000 „ „ „ 

To utilise the exhaust gases in a gas engine does not produce so great an economy as in a steam 
engine. It is also well known that as steam is a more perfect conductor of heat, it is better suited 
to heating purposes than the class of permanent gases to which the exhaust in a gas engine belongs. 

Nevertneless the heat in the exhaust of gas engines is always made use of wherever possible. 

In making a comparison between gas and steam, it is also necessary to study the degree of 
irregularity in running, weight of the flywheel, and inertia of the moving parts. 

For further details on these subjects, see pp. 159 et seq. and 53 et seq. 

Many of the phenomena in a gas engine are still imperfectly understood. For instance, neither 
the pressure of explosion nor the mean pressure on the piston can at present be determined before- 
hand with any degree of accuracy in a new type of engine, and a correct theory of the processes 
taking place in the cylinder has not been formulated. 
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EXERCISES. 

A good knowledge of steam-engine construction and practice in calculating steam 
plants are assumed on the part of the learner. 

The following exercises are intended to afford the beginner an incentive to diligent 
study. The numbers on the right-hand side show the page in the book giving the 
explanation of the question. 

PAGE 

1. What do we understand by & four-cycle engine ? 1 

2. „ „ „ two-cycle engine ? 1 

3. How many revolutions does a four-cycle engine make during one working 

cycle ? 1 

4. How many revolutions does a two-cycle engine make during one working cycle ? 1 

5. How many strokes does a steam engine make during one cycle of work ? . . 1 

6. Explain the meaning of the term sin^te-acting ? 1 

7. „ „ „ $mWe-acting ? 1 

8. Can a (fcw&Ze-acting four-cycle engine be called a two-cycle engine ? . . . . 2 

9. Which are the best-known types of two-cycle engines ? 2 

10. How can it be known, by looking at the outside of an engine, whether it is a 

two- or a four-cycle engine ? 2 

11. Name the most usual types of single-acting four-cycle engines 3 

„ double-acting „ „ 3 

two-cycle engines 3 

12. After studying Table I., draw the different types from memory, and put to 

each the shortened symbols denoting them 3 

13. What is meant by combustion chamber ? 4 

14. „ „ explosion pressure ? 5 

15. „ „ compression pressure ? 5 

16. What effect has the size of the combustion chamber on the final pressure of 

compression ? 5 

17. Give a free-hand tracing of the diagram of the E 4 engine shown at Pig. 1, 

p. 2 5 

18. Insert from memory the meaning of the lines forming the diagram, as given 

in Fig. 16 7 

19. Pages 8-15 to be carefully studied 8-15 

20. Give a free-hand sketch of the continuous diagrams of the following engines : 

E 4 single cyl., D 4 single cyl., D 4 four cyl., D 2 single cyl., D 2 two cyl. 16 

21. What is meant by the mechanical efficiency of an engine ? 18 

22. As sufficient experimental results are not available to determine the efficiencies, 

we must be content with approximate values. At what may the efficiency 

of a D4 two-cyl. engine berated? 18 
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PAGE 

23. If the Indicated HP of a D 4 single-cyl. engine is 82*4, what will be the 

effective or Brake HP ? 18 

24. Explain the term effective piston area 18 

25. What do we understand by " mean pressure on the piston," and what is the 

symbol used to denote it ? 19 

26. If, for instance, p m = 60, explain in words the meaning of this number ... 19 

27. What does the term p t mean ? 20 

28. What is meant by hit-and-miss governing ? 19 

29. „ „ quality or quantity governing ? 19 

30. What is the principal equation used to denote the effective output of an 

engine ? 20 

31. For a single-acting four-cycle engine (B4 single-cyl.) in which 1) = 16", 

S = 21", n = 95, p m = 75, missfires e = 15 per cent. — 

(a) Determine the maximum output in BHP 20 

(b) „ output with 15 per cent, missfires 20 

82. Write out from memory the principal equation for the normal output of an 

engine 22 

33. To check this equation, work it out according to the data given at p. 20 . . 20-22 
84. What will be the output of a D 4 two-cyl. engine worked with blast furnace 

gas, in which 1) = 2-6 feet, S = 3 feet, n = 90 ? 22 

35. Required to determine the leading dimensions of an engine of a given HP ; 

what are the principal points to be kept in view ? 23 

36. What is meant by "inertia of the moving parts " ? 25 

37. What parts of the engine transmit the load on the piston to the crank shaft ? . 25 

38. Explain the meaning of the terms " acceleration " and " retardation " . . . . 25 

39. What unit of measurement is used to express them ? 26 

40. During what part of the cycle does acceleration, and during what part does 

retardation occur ? 25 

41. At which dead point is acceleration at a maximum ? 26 

42. If n = 100, r = 1-5 feet— 

(a) Calculate the acceleration at the front dead point 26 

(b) „ retardation „ „ „ 26 

43. Name the reciprocating parts of the engine which must be taken into account 

in calculating the inertia of the moving parts 27-28 

44. What may be taken as the weight of the reciprocating parts in an E 4 engine, 

in which I) = 12", S = 15|" ? 28 

45. What value must be assigned to the weight of the reciprocating parts in a 

500 HP engine — 

(a) If it is a double-acting four-cycle gas engine ? 28 

(b) If it is a steam engine ? 28 

46. Let a single-acting 4-cycle engine have 1) = 14£", S = 20". At what speed is 

the inertia of the moving parts = pressure on the piston ? in other words, at 
what speed is the pressure of explosion just sufficient to set the moving 
parts in motion ? 29 
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•47. What is meant by tangential pressure ? 34 

48. If a = 40°, and the thrust on the connecting rod = 4400 lbs., determine the 

tangential effort graphically — 

(a) For a connecting rod having a length = 5 x radius of the crank . . 35 

(b) „ „ „ = » 35 

49. What is meant by the diagram of work ? 35 

inertia diagram / 35 

„ „ diagram of energy ? 36 

50. If an B D 4 engine has a sectional area of the cylinder A = 496 sq. inches, 

S = 32", circumferential velocity in circle described by centre of gravity 
of rim section of flywheel V = 79 feet per second, what should be the weight 

of the flywheel rim, if $, — 15 a ? 50 

51. Is there a pressure on the cap or keep of the main bearing of a four-cycle 

gas engine, or could the engine (in theory) work if the cap were 
taken off ? 58 

52. Draw the different crank positions given at p. 60 for an B 4 engine, and work 

out the corresponding equations for the forces acting on the cross head and 
crankpin, also the thrust on the connecting rod, using the data given on 
p. 59 59-60 

53. Do the same for the D 4 engine, make drawings as at p. 61, and utilise the 

data given at p. 59 for the equations 59-61 

54. Explain the term change of pressure in the rods 63 

55. How many changes of pressure are there in a double-acting steam engine ? . . 63 

56. „ „ „ „ an B 4 gas engine ? 63 

57. How many times greater is the calculated pressure on Vie rods in a D 4 single- 

cylinder engine than in a compound steam engine giving the same 
power ? 64 

58. Give the usual names of the numbered parts of the gas engine as shown at 

p. 67 . . 67 

59. What is the temperature at the explosion end of a gas engine ? 68 

60. „ „ in the clearance space of a steam engine ? .... 68 

61. „ „ of the exhaust gases in a gas engine ? 68 

62. „ „ „ exhaust in a steam engine ? 68 

63. What do we understand by a centrifugal lubricator on the crank pin ? ... . 75 

64. What is the object of the balance weight on the cheeks of a cranked 

shaft? 79 

65. Which two positions of the crank must be taken into account in calculating the 

stresses on the crank shaft ? 83 

66. How is the position of the crank at the maximum turning moment 

determined? 84. 

67. What is approximately the angle of the crank for the maximum turning moment 

in gas engines ? 84 
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08. Addition to p. 83. 

At pp. 83 et seq., and also in the examples given at pp. 90 et seq., the forces acting on the 
crank pin are determined, without taking count of the inertia of the moving parts ; therefore the 
calculated stresses are valid only when starting the engine. 

To know the stresses set up in the crank shaft when the engine 
is running, the inertia force required to set the reciprocating parts in 
motion must be subtracted from the pressure of the piston. 
In the figure at the side (comp. pp. 25 et seq.), let — 
q 1 be the inertia force in lbs. per sq. inch of piston area at the 

dead point ; 
<7 3 be the inertia force in lbs. per sq. inch of piston area at crank 
position x ; and referring to pp. 83 and 84, we get — 

(1) For position of crank at the dead point. Thrust on the con- 
necting rod — 

P = A x (p - qi ). 

(2) For position of the crank at the maximum turning moment. 
Thrust on the connecting rod — 

F = A x (p x - yj. 
If a = 34°— 

p x = 0*76p; q x = 0*782,, approximately. 

These calculations apply only to single-acting engines; with 
double-acting engines both faces of the piston must be taken into 
account, the higher value thus obtained for p x — q s determined, and 
the calculations worked out from it. 

The ratio p x : p, q x \ g, and the angle a must be determined graphically. 

If account be taken of the inertia of the moving parts in making the calculations at pp. 83 et seq., 
some of the results, as worked out on pp. 90 et seq., will yield the values shown in the following 
table : — 







Dimensions of engine. Diam./stroke= 3 ins. X 5 ins. 10£ ins. X 131 in*. 1* iD0> X 20 ins. 
From Table I., p. 24, n= 240 220 185 



From Equation 5, p. 26 <p x 
From Equations 7 and 9,/ 

p. 26 J 91 

.P *~ 2i» l>f — Px respectively 
Without inertia of moving j 

parts P and P, respeo-> 

tively J 

With inertia of moving ) 

parts P and P x respec-i . 

tively ) 

Maximum stress on crank) 

Pin r 



atdead ata= Dead 
point. | 34° point 

122 360 



158 

13'8 

855 

2600 
2500 



10-8 
265 



1950 30,500 



1870 26,000 



Dead 
point. 

360 



282 

54 42 65*5 

315 ! 234 305 



= 34° 

282 
512 
221 



24 ins. X 28 Ins. 
150 



a = 34° 



Dead 
point. 

331 1 260 ft. per second* 

66*2 1 51'3 lbs. per sq. in. 

305 226 



»> 



>» 



22,800 57,000 42,200 167,000 124,000 lbs. 



19,300 46,900 34,500 J 138,000 102,000 



»i 



— — — — — lbg. per sq. in. 



Calculating in this way (with allowance for the inertia of the moving parts) the permissible 
values of <r (allowable stress or safe working load) given at pp. 86 to 89 must be correspondingly 
reduced. These stresses apply to actual crank shafts, and are only valid if the calculations are 
worked out as at p. 89. With regard to the inertia of the moving parts, the following corrections 
may be made : — 

Inequations 73 79 85 91 100 107 114 121 128 137 146 152 

&(lbs. per. sq.| 12Q0Q n 800 ndQ0 4200 n ^ 8600 3500 7Q00 gQQQ 7100 4250 n800 
in.) up to ) ' ' ' 
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69. What conditions affect the overheating of the bearings ? 95 

70. What method must be adopted to calculate the tendency of the bearings to 

overheating? 97 

71. Have self-lubricating bearings been foand suitable for gas engines ? . . . . loo 

72. How many oiling rings are required in self-lubricating bearings ? 100 

73. Draw the frame of an engine of 15/21 ins. to scale 120 

74. Calculate the stresses on the sides of the frame of an engine for an explosion 

pressure of 420 lbs. per sq. ins 121 

75. Draw the different types of piston from memory 124,125 

70. Determine the vertical pressure on the guide of the piston of an engine of 16/22 ins. 126 

77. Calculate the length, a, from the piston pin to the back end of the piston for 

an engine of the above dimensions 127 

78. What is the limit of thickness of the piston rings, to allow of their being drawn 

over the piston ? 134 

79. Required to calculate the piston rings of an engine 16f/22 ins. according to 

the example given at p. 135, making an allowance for casting of only ^ in. 135 

80. What is the mean temperature in — 

The combustion chamber of a four-cycle engine ? 143 

„ „ „ two-cycle engine ? 143 

The clearance space in a steam engine ? 143 

81. Why is it necessary to withdraw heat from the cylinder of a gas engine by 

cooling it with water ? 142 

82. What are the principal methods of cooling the cylinder of an engine, and which 

parts are of most importance to cool ? 145 

83. Give an approximate estimate of the size, in sq. feet, of the water jacket 

required for a single-acting four-cycle engine of 24/28 ins., in which the 
piston is cooled with water 147 

84. How many gallons of cooling tcater are allowed per HP hour for a gas engine 

in which — 

(a) Fresh water is used ? 148 

(b) Circulating water is used ? 148 

85. A 53 HP engine requires 53 x 8*8 = 466 gallons of water per hour to cool it. 

Temperature at admission 12° C. ; at discharge 31° C. How many heat units 

per HP hour pass into the water ? 148 

86. What is the object of an air vessel on the pipe conveying the cooling water 

to the piston ? 149 

87. Draw the connecting rod for an engine 24/28 ins. according to the dimensions 

given at pp. 155, 156, and calculate the constant, m, for the shaft, and the 
stresses on the two caps of the rod 157-161 

88. An B 4 engine works with a piston load of 70,000 lbs. What should be the 

approximate dimensions of the connecting rod, main bearing, crank pin, and 

piston pin 163 

89. What is the symbol denoting the degree of irregularity in running an engine ? . 165 

90. What does Z1W X 3B 2 represent ? 166 
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91. How many times heavier most the flywheel of a single-acting four-cycle gas 

engine (B4 1 cyl.) be than that of a single-cylinder steam engine, other 
working conditions being the same ? 167 

92. What do we mean by energy of the flywheel ? and what equation is used to 

denote it ? 170 

93. The rim of a flywheel weighs 70,000 lbs., the circumferential velocity is 80 ft. 

per second. What is the kinetic energy stored up in the flywheel ? . . . 170 

94. In what class of manufactures does the energy of the flywheel play an important 

part? 173-177 

95. What expression is used in electrical work for calculating the size of the flywheel ? 173 

96. In what connection do the degree of uniformity in running and the energy of 

the flywheel stand to each other ? 172 

97. What system of generating the electric current requires a greater degree of 

uniformity in the driving engine ; in other words, less irregularity in running ? 175 

98. Two dynamos (directly coupled to the driving engines) are to be run in 

parallel. For what degree of irregularity in running must the masses in 
rotation be calculated — 
(a) for continuous current ? (b) for alternating current ? 175 

99. Calculate the example given at p. 175 for an HP plant, with $, = 1/220 . . 175 

100. Upon what variation in the load (in percentage of the normal output) must 

the calculation of a medium-sized grinding mill be based ? 176 

101. What degree of irregularity should be allowed for a large mechanical workshop, 

and what should be the energy of the flywheel per HP — 

(a) If the dynamo does not supply electric light ? 177 

(b) „ „ supply electric light ? 177 

102. Required a 25 HP engine to drive a mechanical carpenter's shop with circular 

saw. To what degree of uniformity in running and of energy must the 
flywheel correspond ? 177 

103. What should be the circumferential velocity of the flywheel in gas engines ? . 179 

104. At what loads, below 100 HP, do small single-acting gas engines have a 

separate pulley, and at what loads does the flywheel act as the driving pulley ? 179 

105. Draw the pulley flywheel for a 35 HP gas engine to scale 182 

106. For the above flywheel (Exercise 105) determine the degree of irregularity $>, 

the energy of the flywheel, and the stresses in the arms, at a speed of n = 185 
revolutions per minute. 
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Description of the Humphrey Pump.* 

In the simplest case of Humphrey pump, as illustrated in Fig. 1, water has to be raised from 
supply tank ST to an elevated tank ET. C is the combustion chamber, W the water valve box 
with valve V opening inwards, and D the discharge pipe. In the top of the combustion chamber 
are fitted an inlet valve A and an exhaust valve E. A simple interlocking gear is arranged between 
these two valves, so that when valve 
A opens and closes it locks itself shut 
and releases the valve E, and when 
valve E opens and closes it locks 
itself shut and releases valve A. 
Consequently each time that suction 
occurs in the chamber these valves 
open in turn. 

Imagine a charge of gas and air 
to be compressed in the top of 
chamber C, and fired by a sparking 
plug which projects through the top 
casting. All the valves are shut when 
explosion occurs, and the increase in 
pressure drives the water downwards 
in the pump and sets the whole 
column of water in the discharge pipe 
in motion. The column of water 

attains kinetic energy while work is being done upon it by the expanding gases, so that when 
these gases reach atmospheric pressure the column of water may be moving with considerable 
velocity. The motion of this column of water cannot be suddenly arrested, hence the pressure in 
C tends to fall below that of the atmosphere, the exhaust valve E opens and also the water valve V. 
Water rushes in through the water valves mostly to follow the moving column in pipe D, but 
partly to rise in chamber C in an effort to reach the same level inside the chamber as exists in 
the suction tank. 

When the kinetic energy of the moving column has expended itself by forcing water into the 
high-level tank, it comes to rest, and there being nothing to prevent a return flow, the column starts 
to move back towards the pump, and gains velocity until the water reaches the level of the exhaust 
valve, which it shuts by impact A certain quantity of burnt products is now imprisoned in the 
cushion space F, and the energy of the moving column is expended in compressing this gas cushion 
to a greater pressure than that due to the static head of the water in tank ET. Hence a second 
outward movement of the column results, and when the water reaches the level of valve E the 
pressure of the space F is again atmospheric, and further movement of the water opens valve A 
against a light spring and draws in a fresh charge of gas and air. If there were no friction the 
water would fall to the same level as that from which the last upward motion started, but the 
amount of combustible charge drawn in is slightly less than this movement would represent. Once 
more the column of water returns under the elevated tank pressure and compresses the charge of 
gas and air, which is then ignited to start a fresh cycle of operations. 

* Reprinted, by permission of the author, from a paper read by Mr. H. A. Humphreys, M.I.CJB., 
before the Manchester Association of Engineers on Nov. 12, 1910. 
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The action of the ]>ump is not altered if, instead of delivering into an elevated tank, it discharges 
into an air vessel, as shown in Fig. 2, or into an open top stand pipe or tower, as shown in Fig. 3 t 
and both these arrangements are useful if a continuous flow from the outlet is desired. In many 
cases the pump can be placed directly in a concrete pit, which serves also as a foundation, and the 
discharge can be by an inclined pipe, as shown in Tig. 4, where the water valve box is shown 
vertical. This arrangement is very satisfactory, and is economical in material. 

In the simple form of pump the degree of compression of the combustible charge prior to ignition 

depends on the height to which 
the water is raised, and exceeds 
the static equivalent of the head. 
This can be made clear by refer- 
ence to Fig. 5, where water re- 
turning under a pressure AB, 
and moving through a stroke AD, 
does work in compressing the gas 
equal to A BCD. The gas is 
compressed from A to E, and the 
work of compression is AED, 
consequently the shaded area 
above the line C B must be equal 
to the shaded area below it, and 
E, the maximum compression 
pressure, is much above C. This 
result is obvious if one remembers 
that the kinetic energy acquired 
by the liquid column on its return 
flow is utilized in compressing the 
combustible gas, while the com- 
pression brings the column to rest. 
The same considerations enter 
into the question of the cushion 
pressure attained, but here we 
are dealing with the compression 
of a volume of gaseous fluid which 
occupies the clearance space only, 
and the 6troke of the water column 
is greater in proportion, because 
lor the first part of the stroke 
exhaust products are being ex- 
pelled and no compression occurs. 
Without going into the mathe- 
matics of the subject, it is sufficient 
to say that the cushion pressure 
rises rapidly as the height to which 
the water is lifted increases, and 
at the maximum lift of about 
40 ft. to which the simplest type 
of pump is limited, it may exceed 
the explosion pressure when using 
producer gas, or may approxi- 
mately equal the explosion pressure when working with town gas or petrol. 

Without much sacrifice of simplicity the cushion space may be kept separate from the combus- 
tion chamber, and can then be made relatively large because the products or air in the cushion do 
not then mix with the new charge. This forms one way of keeping the cushion pressure low, and 
is explained later. Again if air scavenging is employed, as is now usual, the residual burnt products 
left in the clearance space are mixed with air and the latter may constitute the greater parr of the 
mixture ; a rather excessive clearance is then permissible as compared with an ordinary gas engine, 
and the simple pump will work throughout its whole range oi lift with very moderate cushion 
pressures. 
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No simple means of indicating the work done by the expanding gases has been found, so that 
the indicated horse-power of a Humphrey pump cannot be directly ascertained, but indicator cards 
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showing pressures on a time basis are interesting. Such an indicator card is given in Fig. 6, and 
is taken from a 45 water HP four-stroke pump, lifting to 39*4 ft. head, and working on town gas. 
The figures relating to this card are : — 

Compression pressure at ignition, 56*5 lbs. per square inch. 
Explosion pressure .... 163 lbs. „ „ 

Cushion pressure .... 185 lbs. ,, „ 

The pump was delivering 806 gallons per working stroke. 



The card may be explained as follows : — 

Compression of charge from a to b. 

Explosion from bio c. 

Expansion from c to d. 

Taking in water and scavenging air and partly exhausting, d to e. 

Return stroke completing exhaust till valve shuts, e to /. 

Cushioning, ftog. 

Cushion expansion, g to h. 

Intake of new charge, h to j. 

Next compression of charge, j to k. 
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FlO. 6. 



The stiff spring used does not permit the suction to be shown on this card, but the partial 
vacuum at the end of cushion expansion may momentarily be as much as 4 lbs. per square inch, 
and the water suction may at first be equal to two or three fee t of water, both dying down to 
atmospheric pressure during the respective strokes. 

If one thinks of the reciprocating column of water as representing the pendulum of a clock, it is 
easy to appreciate the fact that the length of the column governs the period of the swing ; and if one 
assumes other things to be equal, and the column to be of uniform section, then the period is almost 
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proportional to the square root of the length. Mr. H. M. Martin, of Engineering, has worked out 
a number of examples illustrating the effect of the length of the discharge pipe under a given set of 
conditions, and his results are here reproduced from Engineering of 11th February, 1910 : — 

Diameter of play pipe, 2 feet. 

Maximum velocity of flow permitted, 14 feet per second. 

Length of pipe, feet 25 50 100 200 

Cycles per minute 61 81 14*3 7-0 

Discharge, cubio feet per minute .... 527 486 447 417 

PHP 
Efficiency jgp 0-98 095 0-91 0-82 
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Fig. 7. 

Evidently, for a simple type of pump taking in its charge at atmospheric pressure, the first and 
last columns do not represent practical conditions, the cycles being too rapid in the first and too 
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slow in the last, the two middle columns are possible cases, and a length of 60 to 80 ft. is generally 
found advisable. The maximum velocity chosen is merely an example and may be exceeded. 

The four-cycle pump has been dealt with at some length because its construction is exceedingly 
simple, and it is the key to all the others. Moreover, its reliability has been amply proved, and its 
elasticity in meeting changes of lift without altering the mixture of gas and air or the clearance 
volume has been demonstrated. The four unequal strokes which result from the free oscillations 
of the water column give rise to a cycle which is superior to the Otto cycle, and is in fact the 
theoretically perfect heat cycle described in text-books. On the subject of heat efficiency more will 
be said later, but we must now pay a little attention to mechanical details. 




1;^ 



Fig. 8. 

Fig. 7 is a sectional view of the Humphrey pump exhibited in operation at the Brussels Inter- 
national Exhibition, and which obtained two " highest possible " awards, namely, a Grand Prix in the 
class for gas engines, and a Grand Prix in the class for pumps. Its construction can be seen at a 
glance, and explanation is not needed till we come to the valve gear shown in Figs. 8 and 9. It 
will be observed that a bolt B sliding horizontally must lock either the admission valve A or the 
exhaust valve E by engaging under collars a or c, which are fixed on the stems of their respective 
valves. Now the bolt is urged right or left, according to whether spring s 1 or « 2 is pulling the 
hardest, and this again depends on whether the link I to which the springs are attached has been 
shifted to the right or left. Suppose the exhaust valve opened last, then its washer m engaging 
against cam arm p moved the system phj so that it leans to the right, in which position it is retained 
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by the tension of spring « 3 . This puts tension on spring *j and loosens spring **, bolt B, therefore, 
tries to move to the right, but until the exhaust valve shuts it can only press upon collar e. How- 
ever, when valve E comes on its seat the bolt instantly locks under e, and the same motion which 
holds valve E shut has released valve A, so that next time a suction occurs in the combustion 
chamber A only can open. Precisely the same kind of action occurs when A shuts and is locked 
and E is released again. Thus valves A and E are automatically allowed to act alternately, the 
difference between them being that while E remains open till shut by the rising water, A shuts 
under the action of its supporting spring so soon as the suction in the chamber permits the spring to 
lift the valve to its seat. 

The scavenging valve V is shown in the plan of the combustion head, Fig. 9, and as it oi>erates 
at the end of each expansion stroke its locking and release periods correspond with those of the 




Fig. 9. 



exhaust valve, and are made simultaneous by a lever pivoted at K, and operated by a pioi on the 
bolt B. If the water could rush in fast enough when the pressure falls to atmosphere there would 
be no scavenging action, but the incoming water has to be accelerated, and that just gives rise to a 
sufficient suction to effect the desired scavenging. In the exhaust outlet there is a light Don-return 
valve, to prevent burnt products being drawn back into the chamber. 

When an internal bell is to be used to provide a separate cushion of burnt products a slight 
modification of the gear is required to control the three valves. Instead of a scavenging valve we 
have a valve S opening into the top of the internal bell, as 6hown in Fig. 10, and on its spindle is a 
loose non-return valve Q. The valve S is released to fall at the same time as the admission valve 
opens, but the valve Q prevents any inlet into the top of the bell. The action is as follows. When 
explosion occurs the bell is full of water and all valves are shut. Expansion below the open bottom 
of the bell allows the water to escape from the bell, which becomes tilled with burnt products. On 
the first instroke of the water the exhaust valve E is found open as usual and allows the products to 
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escape, but valve S is shut, so that the burnt products in the bell are trapped, and suffer compression 
by the rising water, which clears away all the other burnt products outside the bell. The compressed 
cushion in the bell now expands, and the second outstroke occurs, during which the suction opens 
the admission valve A to let in the fresh charge as usual, and 
in addition valve S opens. 

The second outstroke being shorter than the first does not 
lower the water to the bottom of the bell, and the pure com- 
bustible charge outside the bell does not mix with the products 
inside. Lastly, the second instroke occurs, and the water 
rising in the bell forces the exhaust gases out past the non- 
return valve Q until valve S is reached. The water then 
shuts valve S, and the return column of water having gained 
velocity, tlepending on the volume of gases discharged from 
the bell, compresses the pure combustible charge outside the 
bell. Since the volume of the bell is not limited, the water 
column may attain a high velocity, and so give a high com- 
pression pressure, thus ensuring good efficiency. 

One other important modification of the single-barrel 
pump depends for its successful operation upon the fact that 
in the Humphrey pump the burnt gases are so well cooled at 
the end of the long expansion stroke that they will not ignite 
an incoming combustible charge. It therefore becomes possible 
to have a true two-cycle pump, and the action will be under- 
stood by reference to Figs. 10a and 10b, which show alternative 

arrangements of the top of the combustion chamber. Dealing first with Fig. 10a, the com- 
bustion chamber has to be specially shaped so that the incoming charge, which may be 
preceded by pure air, displaces the "burnt products and mixes as little as possible with them. 




Fig. 10. 




ADMISSION 
VALVES 




Fig. 10a. 



Fig. 10b. 



Thus, in the figure, A is the admission valve at the top of a tall but narrow part of the 
chamber B, in which the full charge volume extends down to the level cc. A number of exhaust 
valves E lead to a common exhaust outlet 0, which may be fitted with a non-return valve, or each 
exhaust valve may carry a light non-return valve on its spindle as shown. The level at which 
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expansion reaches atmospheric pressures is sayjjf, but this level having been reached by the water, 
its further movement draws in fresh combustible mixture till it occupies the space down to cc y and 
the liquid level has fallen to gg. The column of liquid now returns and drives the exhaust products 
through the valves E (which opened by their own weight) until these valves are shut by the water. 
The kinetic energy acquired by the column is now spent in compressing the fresh charge, which is 
ignited to start a new cycle. Thus each outstroke is a working stroke, and no locking gear is 
required on the valves. 

The same cycle applies to Fig. 10b, but in this case there are a number of admission valves 
placed in a ring so as to allow the mixture to enter with a low velocity, in order to prevent eddies 
and mixing with the exhaust products. 

The advantages of the cycle will appeal to the reader at once, as a higher compression 
pressure is obtained than with the simple pump, and consequently higher efficiencies with the 
same lift. 

Before leaving the simple pump it is necessary to call attention to the fact that if a pump when 
working is stopped by switching off the ignition current, it will continue to complete its cycle up 
to the point of compressing the new charge, and will pull up, after a few oscillations of the water 
column, with the fresh charge remaining ready for ignition, to again start the pump when the 
current is switched on. In starting up from " all cold " a single charge of air is introduced against 
the head of water by a hand pump or small compressor, and the exhaust valve is opened by a hand 
lever to allow the air to escape. This starts the oscillation of the column which automatically shuts 
the exhaust valve, cushions, draws in a new charge, compresses and fires it, and so the pump gets 
away under load. 

Coming now to the double-barrel pump, diagram matically illustrated in Fig. 11, we have two 
combustion chambers, A and B, in which explosion occurs alternately. In each chamber we have 

the usual cycle of compression, ex- 
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plosion, expansion, exhaust, and the 
taking in of the new charge, thus 
again involving four strokes of unequal 
length. In this case, as in that of 
Fig. 10a, the water column has only 
one outward and one inward move- 
ment per cycle, but the expression 
" two-stroke " would here be mislead- 
ing, unless one remembers that it 
applies only to the water column, and 
does not refer to what occurs in the 
combustion chambers. 

Let us follow through the cycle 
in this case, and we will assume that a 
compressed combustible charge exists 
in the top of chamber A, and that B 
is full of water. Explosion and ex- 
pansion in A cause the outward pro- 
pulsion of the water column, and when 
atmospheric pressure is reached the 
exhaust valve of A opens, water 
flows in to follow the column and to rise in A expelling burnt products, and there being 
insufficient pressure to maintain the water in B the level therein falls, causing an intake into 
B of a fresh combustible charge. All this takes place during the outward movement of the 
column of water, and then the column coming to rest commences to return towards the 
chambers. It finds that the remaining burnt products in A can be readily sent out through 
the still open exhaust valve, whereas the new charge in B cannot escape as the admission 
valve whicn admitted the charge is now shut under the action of its spring. Consequently the 
column rises at first in A until the exhaust valve is shut, and then in B compressing the new charge. 
Ignition in B starts a fresh cycle with the functions of A and B reversed. 





Fig. 11. 



barrel 



There are important differences to be noted between the action of this pump and of the single- 
rel pump first described. To begin with, the new charge is taken in merely by water falling 
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under the action of gravity, and does not depend upon the compression and expansion of an elastic 
cushion. The clearance spaces at the tops of the combustion chambers may therefore be reduced 
to the very small nolume needed to bring easily to rest that portion only of the column which rises 
in the chamber ; the main portion of the column being brought to rest by the compression of the 
new charge. Again, for a given height of lift the compression pressure attained is higher in the 
double-barrel pump, because the returning column gains speed while exhausting the last part of 
the burnt products, and has thus obtained a store of kinetic energy before starting the compression 
stroke proper. 

The advantages of the two-barrel over the simplest of the single- barrel pumps may be briefly 
stated : — 

1. Higher explosion pressure for the same water lift, due to (a) reduced clearance resulting in 

less contamination of the new charge by residual burnt products, and (b) higher com- 
pression pressure. 

2. More oycles possible in unit time. 

3. Greater output for a given total weight of pump and play pipe. 

There are ways and means of making a single-barrel pump operate on a four-stroke gas and a 
two-stroke water cycle with many of the advantages pertaining to the two-barrel pump, and although 
interesting experiments have been made by running a single-barrel pump in sucn manner, yet it is 
impossible to deal with them in this paper, and indeed, it is necessary to omit all reference to very 
many other types of pumps which the author has designed. 

So far we have considered only those pumps which have a drowned suction, and a limited lift 
of 40 ft. We will now take a brief glance at a few of the types of Humphrey pumps capable of 
working with a suction lift, and then we will come to high-lift pumps. 

Fig. 12 is a diagram of one kind of suction lift pump, and the cycle is as follows : — 

1. Explosion of compressed combustible charge 

in A driving water to high-level tank K, 
continuation of expansion stroke below 
atmosphere owing to the existence of non- 
return valve in exhaust pipe. Consequent 
lowering of pressure till water is raised 
from low-level tank H, past valve G, until 
water comes to rest and valve G shuts. 

2. Return movement of water column towards 

chamber A giving exhaust and cushion 
stroke. 
8. Cushion expansion, and inlet of a measured 
combustible charge into A, and expansion 
of this charge below atmosphere. 

4. Second return of water column towards A 

giving compression stroke. 

The measured charge involved in step 3 of the 
cycle may be obtained in many ways, one of the 
simplest being by the use of gas bags, the dia- 
phragms of which are attached to valves, and on 
being drawn in actuate the valves to close the outlet 
The use of a measuring device can, however, be 
obviated by employing the " rejected charge" device 
to be described in connection with air compressors. 

Another suction pump is illustrated by diagram 
in Fig. 13. The combustion chambers of A 
and B of a two-barrel pump are connected to the 
play pipe D, but the water suction pipe is at the 

opposite end of the play pipe, and in addition there is an air vessel C, and valves N and M, as 
shown. The cycle will be readily surmised. On explosion in A the water column moves out- 
wardly from the chambers and compresses the air in C until the pressure is sufficient to lift valve 
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N and pass water into the high-level tank. On the column coming to rest valve N shuts and the 
compressed air in C expands again, imparting velocity to the column, and enabling the expansion 

to pass below atmospere, and so lift 
water from the low-level tank at 
the same time that exhaust in A 
and compression of the new charge 
in B take place. The cycle is then 
repeated. 

A single-barrel pump will operate 
in a similar manner, but the arrange- 
ment of Fig. 14 necessitates two 
extra strokes, and the cycle is as 
follows : — 

!a) refers to what occurs at pump. 
b) refers to what occurs at air 
vessel. 
1st Outstroke (caused by explosion 
inl). 
(a) Explosion in 1 followed by 
expansion to atmospheric 
pressure, then continued 
movement taking in sca- 
venging air till column 
comes to rest. 

Compression of air in 2 until 
delivery pressure is reached, 
then water is delivered 
through valve 9 until column 
cornea to rest. 
1st Instroke (caused by expansion 
in 2). 
(a) Exhaust until valve 6 is shut 
by the water, then compres- 
sion of cushion which re- 
mains. 

Expansion of air in 2 giving 

velocity to water column. 

When partial vacuum equal 

to suction lift is attained, 

water is sucked up past valve 

10 to follow moving water. 

2nd Outstroke (caused by expansion 

of cushion in 1). 

(a) Expansion of cushion in 1 

and intake of combustible 

mixture in excess, the first 

portion being taken from 8 
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Fig. 14. 



through valve 7, and the remainder through admission valve 5. 
(b) Compression of air in 2 but no delivery of water. 
2nd Instroke (caused by expansion in 2). 

(a) Rejection of surplus charge past valve 7 until water shuts this valve. Compression of 

charge which remains. 

(b) Expansion of air in 2. 

Note. — For clearness the usual scavenging valve on pump is not shown. Exhaust and 
scavenging valves are released (or locked shut) together. Admission and rejected-charge valves 
are released (or locked shut) together. 

Yet another suction pump is shown in Fig. 15, the arrangement being suitable for pumping from 
a well. Explosion in A drives the water down one leg of the U pipe and up the other leg into the 
delivery tank. Expansion below atmosphere causes an intake of water through the suction valves 
in the well, then the first return movement occurs giving the exhaust and cushion stroke, followed 
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by the cushion expansion and gas suction stroke, and lastly the compression stroke. Many other 
varieties will probably suggest themselves to the reader, but it is only necessary to describe one 
more type, which ie illustrated by Fig. 16, and is interesting as giving the same high efficiency with 
a low lift as can be obtained with a high lift. 

In this case the energy of water falling to a lower level is used to cause the intake of fresh 
water, and the pump barrel is placed at a Tow level to render this possible. Thus in the figure we 
have a single combustion chamber A, and upon explosion water is forced outwardly, the whole 
column from the pump to the high-level tank partalcing of the motion. The two parte of the 
column a, from pump to valve V, and b from valve V to high-level tank ET are so proportioned 
that the a portion loses it kinetic energy first, and is ready to return towards the pump before the 
b portion has come to rest When the a portion flows back downhill fresh water is taken in at 
valve V between the two portions of the column, and the exhaust and cushion strokes occur in A. 
Expansion of the cushion in A gives the usual outstroke taking in gas and air, and the cycle is 
completed by a second iustroke which compresses the combustible charge in A. In this last stroke 
either the a portion or the whole column may take part, depending on the proportions of a and b 
and the differences of levels. The chief point to observe is that while water is only raised from 
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Pig. 15. 



Pig. 16. 



tank ST to tank ET, yet the fall to the pump may be sufficient to give a good compression 
pressure, and thus secure high efficiency. 

Coming now to high-lift pumps, any Humphrey pump, whether single or double barrel, may be 
converted into a high-lift pump by means of an air vessel fitted with valves and called an 
" intensifier." The idea is to first allow the water column to gain velocity and then to utilize its 
kinetic energy to (a) compress an elastic fluid, (6) deliver water under the pressure to which the 
elastic fluid has been compressed. Fig. 17 will serve to make the cycle clear. 

A and B are the barrels of a two-barrel pump, and at the end of the play pipe D there are two air 
vessels E and F, the latter being large enough to give a continuous flow at outlet 0, and to main- 
tain a practically uniform pressure. The smaller air vessel E is fitted with a downwardly projecting 
pipe K, open to the atmosphere at the top and carrying a valve L at its lower extremity, arranged 
to close under the action of the rising water. The cycle starts with explosion, all valves except 
L being shut and the water level as shown. While the water level in E is rising to L, air is merely 
being discharged into the atmosphere, and as no work is being done by the column of water it gains 
speed until valve L is shut by impact Imprisoned in E there is now a definite quantity of air, 
which suffers compression until its pressure reaches that at which the high-pressure water valves 
W can open and allow the remaining kinetic energy of the column to force water into F. Valves 
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W close when the column comes to rest, but there remains enough energy in the compressed air in 
E to give, by expansion, the return flow, which causes exhaust in A and compression of the freslt 
charge in B to start a fresh cycle. When the water level falls below valve L, this valve opens and 
air is admitted into E for the rest of the return stroke. 

Now, it is easy to see that if the pipe K is made vertically adjustable with regard to E, the 
point of the cycle at which L shuts can be varied, and more or less air entrapped in h at will. But 

the amount of energy stored in 
this air will also vary with its 
quantity, for we assume that 
the degree of compression re- 
mains constant, and is indeed 
fixed by the pressure main- 
tained in F. Consequently the 
ratio of the total energy of the 
working stroke to the energj- 
stored in the compressed air in 
E can be made anything desired, 
or, in other words, we can 
obtain any compression pressure 
no- ii- of the new charge in B which 

we like, and this independent 
of the water lift. The advantage is obvious for compression pressures equal to those in modern 
gas engines can be employed with a corresponding increase in thermal efficiency. Further, by 
manipulating the position ot pipe K a given pump can be made to meet any conditions as to 
height of lift, for if the lift increases K can be raised so that the energy stored in the air in E 
remains the same, there being now less air but at a higher pressure. 

A short digression may now be made to describe an important development of the arrangement 
shown in Fig. 17, and the reader's notice is directed to the fact that at each cycle air is drawn into 
and rejected from the vessel E. Let us suppose K is connected to a supply of combustible mixture 
instead of opening ink) the atmosphere, we shall then have an automatic pump for taking in mixture 
and discharging it under pressure. If the discharge is into a reservoir from which combustion 
chambers A and B can be supplied, we have at once a means of quickening the cycles and greatly 
increasing the output of a given si7e apparatus. It is convenient to replace vessel E by two vessels, 
one for air and one for gas, bo as to maintain the combustible constituents separate until they enter 
the combustion chambers. If the first portion of the outstroke of the water column is allowed to 
reject the surplus air and gas back to the sources of supply, then the action throughout the cycle ia 
precisely that described when using the single vessel E, except tliat a larger proportion of the total 
energy is absorbed in the compression of air and gas, but the excess is given out again during the 
expansion of the pre-compresHed charge in either A or B. The chief advantage arises from the 
more rapid working, as there is no longer any need to wait for the water level in A or B to fall under 
' n of gravity when the cliarge is being taken in. In fact, the apparatus becomes practically 
' nt of the water level on the supply side. The 1000 HP Humphrey pump now under con- 
n Germany will operate in the manner just described, the result being that the dimensions 
are very moderate, and the pump itself occupies no more space than a 1000 HP tandem gas engine. 
The limits of this Appendix preclude any reference to single-barrel high-lift pumps, other than 
that shown in Fig. 14, or to other modifications of the double-barrel type to suit special conditions, 
as there still remains the important subject of air compressors to be considered. 

If the column of water oscillating in the play pipe of a Humphrey pump ia used as a water 
i, and caused to rise and fall in an air vessel fitted with suitable valves for the inlet and outlet 
■, the combination constitutes an air compressor of a very efficient type and promising many 
advantages. Let us take the case of a single-barrel pump and a single an vessel, as illustrated in 
Fig. IB. A is the ordinary pump chamber and C the air compressor chamber, and we may call them 
for convenience the "pump ana the "compressor" respectively. The inlet valve t, for gas and air, 
and the exhaust valve e, for burnt products, exist as before, but the exhaust pipe and valve are 
adjustable vertically so as to vary the cushion space in the top of A, There is another pipe p, fitted 
with a valve r, and also adjustable vertically. A reservoir X, such as an old boiler shell, is con- 
nected by a flexible pipe to p. Corresponding parts are fitted to the compressor ; thus/ is an air 
inlet valve, g an outlet valve for air which is shut by the water, and h a non-return valve for th« 
compressed air. The dip pipe q, with its valve », gives communication between the atmosphere 
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and the compressor. The outlet pipe and the dip pipe are vertically adjustable as in the pump. 
Lastly, suppose the play pipe D filled with water, then we have all the elements required for 
working under the most varied conditions. 

The cycle can be explained by assuming the water level is well up in A and low in C, as shown 
in the figure, and that a compressed charge is ignited in A. Expansion occurs, driving down the 
water in A and up in C. At first air 
escapes from C through valve «, but 
when the water reaches this valve it 
is shut and the remaining air is trapped, 
and suffers compression until the pres- 
sure of discharge is reached, when h 
opens and compressed air is delivered. 
Next the water reaches valve g and 
shuts it so that no more air can escape, 
and the water column is brought to 
rest by the continued compression of 
the remaining air, which forms a 
cushion. Meanwhile in chamber A 
expansion to atmosphere allows the 
exnaust valve e to open, and the con- 
tinued stroke draws m scavenging air 
(the scavenging valve being omitted 
from the figure for the sake of sim- 
plicity), but valves i and r remain locked. Now the column begins to return, due to the expansion 
of the compressed cushion in C, and this causes exhaust and cushion in A, and at the same time 
there is a fall of pressure in C to atmosphere, then valve / is opened against a light spring and 
a fresh supply of air enters. 

So far we have had one outward and one return stroke, but the expansion of the cushion in A 
starts a second outstroke which results in drawing in a new combustible charge in A through valves 
t and r, which were released on the shutting of the exhaust valve e. As the second outstroke is 
nearly as long as the first, it follows that too much combustible mixture is drawn in, but the 
surplus is got rid of on the second return stroke by allowing it to escape into the receiver X, and 
to slightly raise the pressure therein. Valve i was shut by its spring, but r waits to be shut by the 
action of the water, and when this occurs chamber A contains a definite volume of combustible 
mixture, the size of charge being fixed by the height of r. Finally we have only to observe that 
the second outstroke towards C merely compressed the air in C without causing delivery to take 
place, but storing in the air the energy given out by the expansion of the cushion in A. The air in 
C now expanding gives the compression stroke in A, and the combustible charge is ready to be 
ignited to start the next cycle. 

Perhaps the whole cycle, which may take two seconds to accomplish, sounds a little complicated, 
but if so, it is merely due to the length of the description. It may be easier to grasp the action if it 
is set out to show the simultaneous steps in A and C, thus : — 



Fig. 18. 



1st Outstroke. 



A. 

Expansion to atmosphere. 
Intake of scavenging air. 



1st Instroke. Exhaust till water shuts 

valve e. Cushion till 
water comes to rest. 

2nd Outstroke. Expansion of cushion to 

atmosphere. Intake of 
combustible charge in 
excess. 



2nd Instroke. 



Rejection of surplus charge 
till water shuts valve r. 
Compression of charge 
till water comes to rest. 



C. 

Expulsion of air till water 
shuts valve s. Compres- 
sion and discharge of 
compressed air till water 
shuts valve g. Cushion 
till water oomes to rest. 

Expansion of cushion to 
atmosphere. Intake of 
fresh air. 

Compression of air, but not 
sufficient for further 
delivery. 

Expansion of compressed 
air. 
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It will be evident that in the next cycle when admission of combustible charge occurs, the surplus 
last rejected into reservoir X will want to enter first, because it is under slight pressure, whereas 
inlet valve i has to be sucked open against its spring. Consequently X will empty to atmospheric 
pressure each time, and only the additional mixture required will be taken in through valve t. A 
slight modification may be made by transferring valve % from the pump to the reservoir X. 

The flexibility of the air compressor can now be studied. To begin with the pump side, the 
level of the inlet valve e, and the rejected charge valve r, are assumed to be variable although 
Fig. 18. being merely a diagram, does not show how the pipes carrying these valves are moved 
vertically. As the level of these two valves controls the amount of charge ignited at each cycle, 
and the amount of the cushion space, their regulation is all that is required to increase or dimmish 
the energy developed per working stroke. On the compressor side the position of the valves g 
and s controls the cycle of operations on this side of the apparatus, and renders it possible to compress 
a large volume of air to a low pressure, or a smaller volume of air to a high pressure, or to make any 
intermediate changes which may be desired. 

Thus all the conditions of output, up to the full limit of the compressor, may be governed at 
will, and for all ranges the compression pressure of the new charge may be kept up to the required 
degree, so that the apparatus works at its maximum efficiency throughout the whole range. The 
amount of water which oscillates between the chambers should theoretically be altered along with 
the total capacity per working cycle, but the reason for this is merely to prevent the last portion 
of each down stroke from being wasted by taking in surplus combustible mixture in one chamber, or 
surplus air in the other chamber, to an undue extent. If the surplus of the combustible mixture is 
unnecessarily large, the extra amount rejected will increase the pressure in the reservoir X, and this 

increase of pressure may 
be made to automatically 
govern a water supply, and 
so bring up the total volume 
of reciprocating water, or to 
allow part of the water 
already in the apparatus to 
escape, so as just to keep 
a small amount of excess 
charge for each cycle, no 
matter what may be the 
output of the pump. 

To illustrate the im- 
portance of the air com- 
Eressor, and at the same time 
ring to the reader's notice 
the use of the double-barrel 
pumps for this purpose, we 
may take a definite example, 
and Fig. 19 shows a com- 
pressor capable of dealing 
with 25,000 cubic feet of 
free air per minute, and 
compressing it to 25 lbs. per 
square inch. It is composed 
of two units, as shown in elevation and plan, and the dimensions are given. The horse-power in 
the air delivered is about 1500. As the pressure of delivery increases the forces acting upon the 
water also increase, and the accelerations oecome greater. Consequently for a higher pressure of 
delivery thB size of the apparatus becomes smaller for a given output. 

Usually compressed air is required to be delivered at as low a temperature as possible, so as to 
free it from moisture, and it may be noted that where the maximum cooling is required vertical 
sheets of wire gauze may be fixed in the compressor, so that the gauze takes up water on each 
stroke and forms a very effective cooling medium in direct contact with the air, thus permitting the 
compression to be more nearly isothermal than in any other kind of compressor. The reciprocating 
water itself can be cooled either by cooling the play pipe externally, or by allowing water to be 
taken in and rejected at each cycle. The latter arrangement has been worked out, but for lack of 
space it cannot now be described. 
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One other type of compressor may, however, be briefly referred to, because it differs from the 
other air compressors in that the pump and the compressor alternate in their functions at each 
cycle. It has the advantage of giving a greater horse-power output for a given size of apparatus, 
but it has the disadvantage that the air and the exhaust products are mixed together and delivered 
under pressure. For power purposes, however, this is not a drawback, and in such a case there is 
some advantage in delivering the compressed mixture rather hot, so that during its expansion, 
while performing work in some kind of air motor, there is no chance of its freezing the moisture 
contained, as frequently happens when the air enters the motor at normal temperatures. The 
thermal efficiency of such an arrangement is exceedingly high, provided that the air can be utilized 
close to the compressor so as to make use of its sensible heat. 
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for curve at 1000° C.) = 278° + 1000° C. = 1278° C. Abs. 
for curve at 1600° O.) = 278° + 1600° C. = 1878° C. Abs. 
1-608. 

Suction temperature = 17° 0. = 290° C. Abs. 
Adiabatic compression and expansion. 

Fig. 20. 



Turning now to the question of thermal efficiency, the curves shown in Figs. 20, 21, and 22 
show the relative efficiency as between the Humphrey pump cycle and the ordinary Otto cycle 
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calculated upon the usual formula, and upon the assumptions stated on the diagrams. These 
calculations are based on the assumption of the constant specific heat, but Professor Dr. Eugen 
Meyer, of Charlottenburg, has made the very laborious calculations involved when taking the true 
specific heat of each constituent of the gas mixture, and allowing for the variations of the tempera- 
ture involved at each point on the curve. The absolute results are affected, but the relative results 
remain approximately the same, and for present purposes it is sufficient to take the curves as here 
given. 

Theoretical Thermal Efficiency Curvet— Air Standard, 
Compression Pressure In lb. per sq. In. above atmosphere. 
20 40 00 80 100 120 




Formulae for Otto Cycle Diagram, 
t 



Efficiency =■ 1 — - 



t = 273° + 17° C. = 290° 0. Abs. 

w-l 
V 



y = 1-408. 



Pig. 21. 



It may be mentioned, however, that with a compression pressure of eleven atmospheres absolute 
the theoretical thermal efficiency of the Humphrey cycle is 52*5 %. whereas that of the Otto cycle 
is only 40% when all corrections for varying specific heats are allowed for. Such compression 
pressures have not yet been adopted by the author, but they will be employed in the 1000 HP 
German pump already referred to. In the meantime, when using only very moderate compression 
pressures of under 50 lbs. per square inch, an actual thermal efficiency of over 23 % has been 
obtained on a four-cycle Humphrey pump. This corresponds to 0*95 lb. of anthracite coal per 
water HP hour, and was obtained on a lift of only 35 ft It may be expected therefore that as the 
compression pressure increases the efficiency will also increase, and there is every reason to believe 
that when the compression pressure reaches that employed in ordinary gas engines, the best 
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efficiencies attained in gas engines will be reached and probably surpassed by the Humphrey 
pump. 

A large scale experiment is to be tried in which a Humphrey pump will be used to drive a water 
turbine coupled to an electric generator. The advantages of such an arrangement over the ordinary 
gas engine arise chiefly from the simplicity of the working parts, the absence of all troubles arising 
from contraction and expansion due to heating and cooling, the freedom from cyclic irregularity, 
thus enabling alternators to be driven in parallel, and finally, the high efficiency and the low cost 
of upkeep. Also, the apparatus may be started and stopped immediately, and can indeed be 
entirely controlled from a switchboard. One has to face the loss due to conversion of water power 
into mechanical energy, but the efficiency of well-designed turbines can be guaranteed at over 80 % 
at full load, and in a central station there is no need to run any of the pumps at less than full load, 
since they can be so easily started and stopped. Moreover, if blast furnace gas or producer gas 
derived from cheap fuel is used, the loss of 20% of the energy is not important, as compared with 
the advantages gained by the adoption of the gas-hydro-electric system, and the absence of the 
need for any lubrication would alone more than compensate. 

In conclusion, a brief reference may be made to the application of the Humphrey pump for the 
purposes of marine propulsion. The theoretical efficiency of the jet propeller is well known and 
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admitted. The trouble has been to find a pump which would be at once pump and engine combined, 
and which would handle large quantities of water so that the area of the jet at the point of exit 
might be comparable with the area of the water acted upon by an ordinary screw propeller. The 
Humphrey pump fulfils the required conditions, and the diagram of Fig. 23 shows one possible 
arrangement in skeleton form. The double-barrel pump with cylinders A, B discharges simul- 
taneously in two directions through equal lengths of pipe C, D leading to air vessels E, F. The 
suction occurs through the side of the ship and passages G, H as shown. The water from one air 
vessel E is brought back to air vessel F through a pipe J, and the common discharge is then through 
the pipe K which opens into the surrounding water at the stern of the ship. Means for diverting 
the jet as it leaves the vessel either to the right or to the left, or through a complete turn of 180° 
60 as to drive the ship astern, are not shown, as they have been worked out by many experimenters. 
The arrangement indicated in the figure prevents all vibration, since the stresses, due to the 
moving water, are equal and opposite, the pump being situated in the centre, between the air vessels. 
Also, tne air vessels keep the discharge continuous, so that there are no jerks, the result being a 
system in which full power, either ahead or astern, is available instantly, and the ship so fitted has 
a radius of action, owing to the fuel economy, equal to at least twice that which can be obtained 
by any other system. Since jet propellers become more wasteful with increasing velocities of 
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propulsion, it may be found advisable to limit the application of the system now proposed to cargo 
steamers of moderate speed, but for such vessels requiring, say, 2000 to 3000 HP the scheme con- 
tains all the elements of success. It may eventually prove that a pump having pre-compression of 
its gas and air will be more suitable for the larger sizes, and, when one remembers the small space 
occupied by two or three 1000 HP pumps of this type, the outlook is distinctly promising. 

The Metropolitan Water Board nave to instal a very large pumping plant at their new reservoir 
at Chingford, and the chief engineer and a committee of the ooard have for some time past been 
studying most carefully several schemes submitted to them with the corresponding tenders for 
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different types of plant. As the result of a most thorough investigation the committee unanimously 
reported in favour of the adoption of the Humphrey pump, and at the meeting of the board on 
November 4, 1910, the committee's recommendation was approved. The report showed for these 
pumps a saving in first cost of £19,000 on the complete installation, including buildings and founda- 
tions, as compared with triple expansion steam engines running at 350 revolutions per minute and 
coupled to centrifugal pumps. Moreover, there is a great saving in fuel consumption and running 
expenses, since the coal consumed is only about half that of the steam plant. Gas engines and oil 
engines driving centrifugal pumps were also considered. 

The quantity of water to be pumped is 180 million gallons per 24 hours, and the lift is 25 to 
30 feet. For this duty there will be erected five Humphrey pumps, four of which will each have 
a capacity of 40,000,000 and one 20,000,000 gallons per day. 
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TABLE I. 

Strength and Weight or Metals. 



Metal. 


Tearing Force 
in Lbs. per 
Sq. In. 


Crashing 

Foroe in 

Lbs. per 

Sq. In. 


Shearing 

Force in 

Lbs. per 

Sq. In. 


Elastic 

Strength 

in Lbs. 

perSq. In. 


Weight of 

a Cable 

Inch in 

Lbs. 


Weight ol 

• Cubic 

Foot In 

Lbs. 

460 


Cast Iron 


18,000 to 20,000 


90,000 


10,000 


10,500 


0*26 


Steel castings 


67,000 


— 


— 


35,000 


0*284 


490 


„ forgings ... 


63,000 


— 


— 


— 


0*282 


487 


Iron ,, ... ... 


45,000 to 50,000 


— 


— 


— 


0*28 


485 


Wrought iron bars, 
BBL 


58,000 


50,000 


40,000 


29,000 


0*28 


485 


Nickel steel (3 per 
cent, nickel) 


112,000 


— 


— 


62,700 


— 


— 


Gun metal 


27,000 


""* 1 "" ~ 


6,500 


0*315 


545 


Phosphor bronse (cast) 


35,000 


— 1 — 


19,000 


— 


— 


Manganese bronse 
(cast) 


55,000 


^~— 


^- 


30,000 


0*31 


635 
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TABLE III. 
Whitwobth Standabd Bolts and Nuts. Safe Load in Lbs. 



*-> 
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_ • 


Diam. 


1 




Approximate Safe Load in Lbs. 


Sii 


3 -a 


«* 


Area at 












Int. 


•073 

Is 


Bottom 

of 
Thread. 


Bottom of 
Thread. 


At 

4000 lbs. 


At 

6000 lbs. 


1 
At 
6000 lbs. 


At 
7000 lbs. 


At 
8000 lbs. 


At 

9000 lbs. 


H 


Sq. Ins. 


perSq. In. 
Lbs. 


perSq. In.' 
Lbs. 


per8q. In. 


perSq. In. perSq. In. 


perSq. In. 
Lbs. 


Ins. 


Lb*. 


Lbs. 


Lb*. 


ft 


24 


0*184 


0014 


56 


70 


84 


98 


112 : 126 


i 


20 


0-186 


0-027 


108 


185 


162 


189 


216 ; 248 


ft 


18 


0-241 


0-046 


184 


280 


276 


322 


878 


414 


'i| 


16 


0-295 


0-068 


272 


840 


406 


478 


546 


614 


ft 


14 


0-346 


0-094 


376 


470 


504 


628 


752 


846 


i 


12 


0-898 


0-121 


484 


605 


726 


850 


970 


1,090 


ft 


12 


0-455 


0-155 


620 


775 


980 


1,085 


1,240 


1,895 


t 


11 


0-506 


0-204 


816 


1,020 


1,224 


1,418 


1,620 


1,824 


U 


11 


0-571 


0-256 


1,024 


1,280 


1,586 


1,792 


2,048 


2,804 


i 


10 


0-622 


0-804 


1,216 


1,520 


1,824 


2,126 


2,480 


2,784 


\i 


10 


0-684 


0-867 


1,468 


1,885 


2,202 | 


2,569 


2,936 


8,803 


I 


9 


0-788 


0-422 


1,688 


2,110 


2,582 


2,954 


8,876 


8,800 


ti 


9 


0-795 


0-496 


1,984 


2,480 


2,976 


8,472 


8,968 


4,464 


1 


8 


0-840 


0-554 


2,216 


2,770 


8,324 


8,880 


4,480 


4,990 


ii 


7 


0-942 


0-697 


2,788 


8,486 


4,182 


4,880 


5,575 


6,270 


7 


1067 


0-894 


3,576 


4,470 


5,864 


6,250 


7,145 


8,085 


1} 


6 


1-162 


1-058 


4,282 


5,290 


6,846 


7,400 


8,455 


9,510 


1* 


6 


1-287 


1-299 


5,196 


6,495 


7,794 


9,080 


10,820 11,610 


3 


5 


1-869 


1-472 


5,886 


7,860 


8,882 


10,290 


11,760 


18,230 


5 


1-494 


1-753 


7,012 


8,765 


10,518 


12,210 


13,950 


15,700 


lj 


4* 


1-590 


1-986 


7,944 


9,980 


11,916 


18,900 


15,890 


17,875 


2 


4} 


1-720 


2-311 


9,244 


11,555 


18,866 


16,170 


18,480 


20,790 


2J 


4 


1-980 


2-926 


11,704 


14,630 


17,556 


20,475 


28,400 


26,825 


2i 


4 


2-180 


8-788 


14,982 


18,665 


22,398 


28,125 


29,855 


38,590 


2f 


8* 


2-884 


4-464 


17,856 


22,320 


26,784 


81,220 


1 85,680 


40,140 


8 


3* 


2-684 


5*450 


21,800 


27,250 


32,700 


88,080 


48,520 


48,960 


8i 


8i 


2-856 


6*402 


25,608 


32,010 


38,412 


44,814 


51,216 


57,618 


H 


8* 


8105 


7-568 


30,252 


37,815 


46,378 


57,940 


60,504 


68,065 


3J 


8 


3-820 


8-678 


34,692 


43,365 


52,038 


60,710 


69,884 


78,067 


4 


8 


8-578 


10-027 


40,108 


50,135 


60,162 


70,190 


80,216 


90,240 


4* 


H 


8-804 


11-365 


45,480 


56,825 


68,190 


79,575 


, 90,960 102,805 


4* 


1 21 


4054 


12-906 


! 51,682 


64,540 


77,448 


90,866 


1108,264 


116,172 


4f 


1 2* 


4*284 


14*404 


57,616 


72,020 


86,424 


100,880 


115,282 


129,686 


5 


! 2J 


4-534 


16146 


, 64,584 


80,780 


96,876 


113,020 


129,168 


145,814 


5* 


■2j 5-012 


19-720 


1 78,880 


98,600 


118,320 


138,040 


157,760 177,480 


6 


2* 


5-487 


28-640 


: 94,560 


118,200 

1 


141,840 


165,900 


189,120 212,760 

1 



(Reproduced by permission from the "Engineer's Year-Book") 



Note. — In order to allow for the twisting stress to which the bolt is 
subjected due to screwing up (which is, of course, in addition to the tension 
stress), the loads printed in heavy type should not be exceeded. Table IV. 
gives loads which may be safely applied to bolts for most parts of gas engines, 
but for the bolts coupling the flanges of breech ends and water jackets and 
frame the stress should never exceed 5000 lbs. per sq. in. of the area at the 
bottom of the thread. 
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TABLE IIIa. 

BOLTS AND NUTS. 

Whitwobth Stavdabd Hkxagox Bolts and Nuts. 

According to the Whitwortb system of standard sizes of bolts and nuts, the thickness of the 
bolt-head is seven-eighths of the diameter, and the nut Is equal to the diameter. 



Dimensions in Inches. 


Size of 

Bolt and 

Thickness 

of Nut. 


Nut 
across 

Flats. 


Nut 

across 

Corners. 


Tapping 
Hole. 


Thick- 
ness of 
Bolt- 
head. 

•1093 


Size of 

Bolt and 

Thickness 

of Nut. 


Nat 
across 
Flats. 


Nut 

across 

Corners. 


Tapping 
Hole. 


Thick 
nets of 
Bolt- 
head. 


B 


•338 


•390 


093 


3 


4*18 


482 


2*89 


2-4062 


A 


•448 


•617 


•134 


•164 


434 


5-02 


2-5 


2*5156 


J™ 


'626 


•606 


•186 


•2187 


3 


4-53 


623 


2-63 


2*625 


• 


•601 


•694 


•241 


•2734 


l\ 


4-69 


6-41 


2*76 


2*7343 


r 


•709 


•819 


•296 


•3281 


4-86 


6-60 


2*86 


2-8266 


& 


•820 


•947 


•346 


•3828 


3f 


5*01 


6-78 


2*98 


2*9531 


*** 


•920 


1-06 


•393 


•4376 


31 


5-17 


6*98 


31 


8-0624 




1-01 


116 


•466 


•4921 


3» 


636 


6*19 


3-23 


31718 


r 


1-1 


1-27 


•606 


•6468 


3? 


5-55 


6*41 


8-32 


3-2812 


w 


1-2 


1*38 


•671 


•6016 


3* 


676 


6*64 


3-46 


3*8906 


r 


13 


1-6 


•622 


•6662 


4 


5-96 


6-87 


357 


8*5 


•a 


1-39 


1-6 


•684 


•7064 


41 


6*16 


7-11 


3*69 


8-6094 


r 


1*48 


1*7 


•732 


•7666 


41 


6-37 


7*36 


3-8 


3*7046 


+1 


1-67 


1-82 


•796 


•8203 


4# 


6*60 


7*62 


3-93 


3-8271 


i w 


1-67 


1-96 


•84 


•876 


3 


6-82 


7*88 


4*06 


3-9374 


ii 


1*86 


216 


•942 


•9843 


7-06 


8*16 


4*18 


4-0469 


ij 


21)6 


2*36 


1-06 


1-0987 


i\ 


7-3 


8-43 


4*28 


41562 


ii 


2-21 


2*66 


M6 


1*2031 


7-66 


8-72 


4-4 


4-2666 


i* 


241 


278 


1*28 


1-3125 


5 


7*8 


9-01 


4*63 


4-376 


ij 


2-67 


2*97 


1-37 


1-4128 


61 


8-06 


9-31 


4*66 


4-4844 


ii 


278 


318 


1-49 


1-6312 


5 i 


8-36 


9-64 


476 


4*5936 


ij 


3-02 


3*48 


1-69 


1-6406 


5} 


8-6 


9-9S 


4*88 


. 4*7031 


2 


316 


3*63 


1-71 


1-75 


6} 


8-86 


10-22 


5-01 


4-8124 


H 


3-34 


3-86 


1-84 


1-8523 


55 


915 


10*7 


613 


4*9218 


H 


3-64 


4-09 


1-93 


1-9687 


59 


9*46 


10-91 


5-24 


6-0312 


2J 


375 


4-33 


2-06 


2-0781 


5{ 


9-75 


11-26 


5-36 


51406 


4 


8-89 


4*49 


2-18 


21876 


6 


10 


11-56 


5-48 


5-26 


4-06 ' 


4-67 


2-30 


2-2968 




1 
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TABLE IV. 
Safe Loads on Studs and Bolts. 



Diameter of Stud 
or Bolt. 



Safe Load that one Stud or 
Bolt will carry in Lbs. 
(B.B.I. or Mild Steel). 



Lbs. 

250 

500 

900 

1,500 

2,150 

3,000 

4,250 

5,500 

7,000 

8,500 

11,000 

18,000 

16,000 

20,400 



Diameter of Stud 
or Bolt. 



Ins. 

2* 
2f 
8 

3i 
8* 
3J 

4 

5 

5* 

5* 



Safe Load that one Stud or 
Bolt will carry in Lbs. 
(B.B.I, or Mild Steel). 



Lbs. 

26,100 

31,200 

88,100 

44,800 

53,000 

60,500 

70,100 

79,500 

90,800 

100,800 

118,000 

124,600 

138,000 



TABLE V. 

Pipe Threads. 

Whit-worth's Standard Threads for Gas and Watkr Pipes. 



Dimensions in Inches. 




Dimensions in Inches. 










Number of 
Threads 








Number of 
Threads 


Internal 


External 


Diameter at 


Internal 


External 


Diameter at 


Diameter 


Diameter 


Bottom of 


per Inch. 


Diameter 


Diameter 


Bottom of 


per Inch. 


of Pipe. 


of Pipe. 


Thread. 




of Pipe. 


of Pipe. 


Thread. 




4 


•382 


•336 


28 


li 


2-245 


2-128 


11 


i 


•518 


•451 


19 


2 


2-347 


2*23 


11 


fl 


•666 


•589 


19 


21 


2467 


2-351 


11 


* 


•826 


•734 


14 


H 


2-587 


2-47 


* 11 


f 


•902 


•811 


14 


23 


2-794 


2-678 


11 


} 


1-04 


•949 


14 


2} 


3 


2-882 


11 


i 


1-189 


1-097 


14 


2| 


3124 


8-009 


11 


l 


1-309 


1192 


11 


2f 


3-247 


313 


11 


li 


1-492 


1-375 


11 


H 


3867 


3-251 


11 


1+ 


1-65 


1-533 


11 


3 


3-485 


3-368 


11 


l| 


1-745 


1-628 


11 


H 


3-698 


3-581 


11 


l| 


1-882 


1-765 


11 


n 


3-912 


3*795 


11 


li 


2-022 


1-965 


11 


3J 


4125 


4-008 


11 


** 


216 


2-042 


11 


4 


4-340 


4*223 


11 
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TABLE VIII. 

Composition and Calorific Poweb of Dowson's Wateb-Gas, and of 

obdinaby 16 candle-poweb coal-gas. 
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Ordinary Coal-Gas, 16 Candle- 
Power. 



Dowsox's Generator-Gab, 
oa Watkr-Oas. 



Composition of the Ou. 



i» 



acid 
Oxygen 
Nitrogen ... 



Volume 
per Cent 

icen/Sl ofl0 ° ofl0 ° 
I 760 mm. I Lltrea - i L,tW8 - 



Weight in I Calorific 
Grammes Power 



Volume 
per Cent 
at deg. 
Cent and 
760 mm. < 



Weight in Calorific 
Grammes Power 



Hydrogen ... 
Marsh gas ... 
Olefiant gas 
Carbonic oxide 



51-81 

85-25 

8*58 

8-95 

0-08 

0*38 

100-00 



4-63 


159,559 


18-73 


25-20 


829,187 


0-81 


4-4.1 


52,664 


0-81 


11-20 


27,854 


25-07 


— 


— 


6-57 


011 


— 


0-08 


0-47 


— 


48-98 


46-02 


569,264 


100-00 



Of 100 

Litres. 



1-67 

0*22 

0-88 

81-86 

12-91 

004 

61-27 



of 100 
Litres. 



57,689 
2,899 
4,688 

77,992 



148,218 



(Reproduced by permission from Eutton's " Practical Engineer's Handbook," published by 

Crosby Lockwood and Son.) 
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TABLE IX. 



Table roR the Conversion of Digress on the Cevtiqrade Thermometer into 

those of Fahrenheit's Scale. 



°Oent.' 

-100 


°Fahr. 


"Cent. 


°Pahr. 


°Cent. 


°Fahr. 


"Gent 


°Fahr. 


°Cent. 


°Pahr. 


•-Cent. 


°Fahr. 


-148-0 


- 66 


- 67-0 


-10 


14-0 


36 


95*0 


80 


176*0 


126 


267*0 


- 99 


-146-2 


- 64 


- 66-2 


- 9 


15-8 


86 


96*8 


81 


177-8 


126 


258*8 


— 98 


-144*4 


- 53 


- 63*4 


- 8 


17*6 


37 


98*6 


82 


179*8 


127 


260-6 


- 97 


-112-6 


- 62 


- 61*6 


- 7 


19*4 


88 


100*4 


83 


181*4 


128 


262*4 


- 96 


-140-8 


- 51 


- 69-8 


- 6 


21*2 


89 


102-2 


84 


183*2 


129 


264*2 


- 95 


-139-0 


- 60 


- 680 


- 5 


23-0 


40 


104*0 


86 


186*0 


180 


266*0 


- 94 


-137-2 


- 49 


- 66-2 


- 4 


24*8 


41 


106*8 


86 


186*6 


181 


267-8 


- 93 


-136-4 


- 48 


- 64-4 


- 3 


26-6 


42 


107*6 


87 


188-6 


182 


269*6 


- 92 


-133-6 


- 47 


- 62-6 


- 2 


28*4 


48 


109-4 


88 


190-4 


133 


271-4 


- 91 


-131-8 


- 46 


- 50-8 


- 1 


30-2 


44 


111-2 


89 


192-2 


184 


278*2 


- 90 


—130-0 


- 46 


- 49-0 





32-0 


46 


118*0 


90 


194*0 


185 


275*0 


- 89 


-1282 


— 44 


- 472 


+ 1 


88-8 


46 


114*8 


91 


196*8 


186 


276-8 


- 88 


-126-4 


- 48 


- 46-4 


2 


35*6 


47 


116*6 


92 


197*6 


137 


278*6 


- 87 


-124-6 


- 42 


- 43-6 


8 


87-4 


48 


118*4 


93 


199-4 


138 


280*4 


- 86 


-1228 


- 41 


- 41-8 


4 


89-2 


49 


1204 


94 


201*2 


189 


282*2 


- 85 


-121-0 


— 40 


- 40-0 


6 


41-0 


60 


122*0 


95 


208-0 


140 


284*0 


- 84 


-119-2 


- 39 


- 88-2 


6 


42-8 


61 


128*8 


96 


204-8 


141 


286-8 


- 83 


-117-4 


- 38 


- 36-4 


7 


44*6 


62 


125*6 


97 


206-6 


142 


287*6 


- 82 


-115-6 


- 87 


- 34*6 


8 


46-4 


63 


127*4 


98 


208*4 


143 


289-4 


- 81 


-118-8 


- 86 


- 32-8 


9 


48-2 


64 


129*2 


99 


210-2 


144 


291-2 


- 80 


-112-0 


- 35 


- 81-0 


10 


60-0 


66 


181*0 


100 


212*0 


146 


293*0 


- 79 


-110-2 


- 34 


- 29-2 


11 


51-8 


66 


182-8 


101 


213*8 


146 


294-8 


- 78 


-108-4 


- 33 


- 27-4 


12 


53*6 


57 


184*6 


102 


216*6 


147 


296*6 


- 77 


— 106-6 


- 32 


- 26*6 


13 


55-4 


68 


186-4 


108 


217-4 


148 


298*4 


- 76 


-104-8 


- 31 


- 28-8 


14 


87-2 


59 


138*2 


104 


219*2 


149 


800-2 


- 75 


— 103-0 


- 30 


- 22-0 


16 


69-0 


60 


140*0 


106 


221*0 


160 


802*0 


- 74 


-101-2 


- 29 


- 20-2 


16 


60-8 


61 


141-8 


106 


222*8 


161 


303*8 


- 73 


• — 99*4 


- 28 


- 18-4 


17 


62*6 


62 


143*6 


107 


224-6 


162 


806*6 


- 72 


- 97-6 


- 27 


- 16-6 


18 


64*4 


63 


146-4 


108 


226-4 


158 


807-4 


- 71 


— 95*8 


- 26 


- 14-8 


19 


66*2 


64 


147-2 


109 


228-2 


164 


809*2 


- 70 


- 94-0 


- 25 


- 18-0 


20 


68-0 


65 


149-0 


110 


280*0 


165 


811-0 


- 69 


- 92-2 


- 24 


- 11*2 


21 


69*8 


68 


150*8 


111 


231-8 


156 


312-8 


- 68 


- 90-4 


- 23 


- 9-4 


22 


71-6 


67 


152*6 


112 


238*6 


167 


814*6 


- 67 


- 88-6 


- 22 


- 7-6 


23 


73*4 


68 


164*4 


113 


236-4 


168 


316-4 


- 66 


- 86-8 


- 21 


- 6-8 


24 


761 


69 


166*2 


114 


237-2 


159 


818*2 


- 65 


- 85-0 


- 20 


- 4-0 


26 


77*0 


70 


188*0 


116 


239*0 


160 


320*0 


- 64 


— 83-2 


- 19 


- 2-2 


26 


78*8 


71 


169-8 


116 


240*8 


161 


821*8 


- 68 


— 814 


- 18 


- 0-4 


27 


80*8 


72 


161-6 


117 


242*6 


162 


323*6 


=« 


— 79-6 


- 17 


+ 14 


28 


82*4 


73 


168*4 


118 


244-4 


163 


325*4 


— 77-8 


- 16 


. 3-2 


29 


84*2 


74 


166*2 


119 


246-2 


164 


827*2 


- 60 


— 76-0 


- 15 


6-0 


80 


86*0 


75 


167-0 


120 


248*0 


166 


829*0 


- 59 


- 74-2 


- 14 


6*8 


31 


87*8 


76 


168*8 


121 


249-8 


166 


330-8 


- 68 


- 72-4 


- 13 


8-6 


82 


89*6 


77 


170-6 


122 


251*6 


167 


882*6 


- 57 


- 70*6 

- 68*81 


-12 


10-4 


38 


91-4 


78 


172-4 


128 


263*4 


168 


834*4 1 


- 66 


- 11 


12-2 


84 


98*2 


79 


174*2 


124 


266-2 


169 


1 886-2 | 
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Table SOB 


the Conversion op Degress (continued). 






°Cent. 
170 


°Pahr. 


°Cent. 


°Fahr. 


"Cent. 
260 


° Fahr. 


°Ccnt. 


, ° Fahr. 


°Cent. 


°Fahr. 


°Cent. 


°Fahr. 


838-0 


210 


410-0 


482*0 


290 


654*0 


380 


626*0 


440 


824 


171 


839-8 


211 


411-8 


261 


483-8 


291 


556*8 


381 


627-8 


460 


842 


172 


341-6 


212 


413*6 


252 


485*6 


292 


657*6 


332 


G29-6 


460 


860 


173 


843-4 


213 


415-4 


258 


487-4 


293 


659*4 


333 


631-4 


470 


878 


174 


846-2 


214 


4172 


254 


489*2 


294 


561-2 


334 


638-2 


480 


896 


176 


847-0 


216 


419*0 


255 


491*0 


295 


663*0 


836 


635*0 


482 


900 


176 


3488 


216 


420-8 


256 


492-8 


296 


664-8 


336 


686*8 


490 


914 


177 


860-6 


217 


422*6 


257 


494*6 


297 


566*6 


337 


638-6 


500 


932 


178 


862-4 


218 


424-4 


258 


496*4 


298 


568-4 


338 


640*4 


588 


1000 


179 


864-2 


219 


426-2 


269 


498*2 


299 


670-2 


389 


642*2 


593 


1100 


180 


866*0 


220 


428*0 


260 


500*0 


300 


672*0 


340 


644*0 


600 


1112 


181 


867-8 


2tt 


429*8 


261 


601-8 


301 


678-8 


341 


645-8 


649 


1200 


182 


869*6 


222 


431*6 


262 


603-6 


302 


675*6 


842 


647*6 


700 


1292 


188 


861-4 


223 


433-4 


263 


506-4 


303 


677-4 


848 


649-4 


704 


1300 


184 


363-2 


224 


435-2 


264 


607-2 


304 


679*2 


844 


651*3 


760 


1400 


186 


865-0 


226 


437*0 


266 


609-0 


306 


681*0 


345 


668*0 


800 


1472 


186 


3G«S-8 


226 


438-8 


266 


610*8 


806 


682*8 


346 


664-8 


816 


1600 


187 


868-6 


227 


440*6 


267 


612*6 


307 


584*6 


347 


666*6 


871 


1600 


188 


370-4 


228 


442-4 


268 


514*4 


308 


586*4 


848 


668*4 


900 


1662 


189 


872-2 


229 


444*2 


269 


616*2 


309 


588*2 


849 


660*2 


926 


1700 


190 


374-0 


£30 


446*0 


270 


518*0 


310 


690*0 


360 


662*0 


972 


1800 


191 


875-8 


231 


447*8 


271 


619-8 


311 


591*8 


361 


663*8 


1000 


1882 


192 


877*6 


232 


449*6 


272 


621*6 


312 


693*6 


352 


665-6 


1087 


1900 


198 


379-4 


233 


461-4 


273 


523-4 


313 


696*4 


863 


667-4 


1093 


2000 


194 


381-2 


234 


45-J-2 


274 


525*2 


314 


597*2 


364 


669-2 


1100 


2012 


196 


883*0 


235 


465-0 


275 


527*0 


316 


. 699*0 


356 


671*0 


1148 


2100 


196 


884*8 


236 


45(5-8 


276 


628*8 


816 


600-8 


366 


672*8 


1200 


2192 


197 


886-6 


237 


458*6 


277 


530*6 


317 


602*6 


367 


674*6 


1300 


2372 


198 


388-4 


238 


460-4 


278 


632-4 


318 


604*4 


358 


676*4 


1400 


2652 


199 


890-2 


239 


462-2 


279 


634*2 


319 


606*2 


369 


678*2 


1600 


2732 


200 
201 


392-0 
893-8 


240 
241 


464-0 
465-8 


280 
281 


686*0 
637*8 


320 
821 


608*0 
609-8 


360 
370 


680-0 


1600 
1700 


2912 
8092 


698 


202 


896-6 


242 


467*6 


282 


639-6 


322 


611-6 


871 


700 


1800 


3272 


203 


397-4 


243 


469-4 


283 


641*4 


823 


618-4 


880 


716 


1900 


3452 


204 


399-2 


244 


471-2 


284 


643*2 


324 


616-2 


390 


734 


2000 


3633 


205 


401*0 


245 


478*0 


286 


646*0 


826 


617-0 


400 


752 


2100 


8812 


206 


402*8 


246 


474-8 


286 


546-8 


326 


618-8 


410 


770 


2200 


3993 


207 


404*6 


247 


476-6 


287 


648-6 


327 


620-6 


420 


788 


2300 


4173 


208 


406-4 


248 


478'4 


288 


550-4 


328 


622*4 


426 


800 


2400 


4353 


209 


408-2 


249 


480-2 


289 


652*2 


329 


624-2 


480 


806 


2600 


4633 



{Reproduced by permission from the lt Engineer's Pocket- Book/') 



TABLE X. 

Table fob the Conversion of Degrees ox the Fahrenheit Thermometer into 

those of the centigrade scale. 



°Falir. 


°Cent. 

100*0 


°Fahr. 
193 


°Cent. 
89-4 


°Fahr. 


Cent 


°Fahr. 


°Cent. 


°Fahr. 


°Cent. 


•Fahr. 


°Ont. 
47*2 


212 


174 


78-8 


165 


68*8 


136 


57-7 


117 


211 


99-4 


192 


88-8 


173 


78-8 


154 


67-7 


136 


57-2 


116 


46*6 


210 


98'8 


191 


88-3 


172 


77-7 


153 


67-2 


134 


566 


116 


46*1 


209 


98-8 


190 


87-7 


171 


77-2 


152 


66*6 


133 


56*1 


114 


46-6 


208 


97-7 


189 


87-2 


170 


70*6 


151 


66*1 


132 


66-5 


113 


45*0 


207 


97-2 


188 


86*6 


169 


76-1 


150 


C5-5 


131 


56*0 


112 


44*4 


206 


76*6 


187 


861 


168 


75-6 


149 


15-0 


130 


54*4 


111 


43-8 


205 


96-1 


186 


85-5 


167 


75*0 


148 


64-4 


129 


68-8 


110 


43-3 


204 


96*5 


185 


86*0 


166 


74*4 


147 


68-8 


128 


58-3 


109 


42*7 


203 


95-0 


184 


84-4 


166 


73*8 


148 


63-3 


127 


62-7 


108 


43-2 


202 


94-4 


183 


&?-8 


164 


73-3 


145 


62-7 


126 


52-2 


107 


41*6 


201 


93-8 


182 


88*3 


168 


72-7 


144 


62-2 


125 


61-6 


106 


411 


200 


93-3 


181 


82-7 


162 


72*2 


143 


61*6 


124 


511 


105 


40-5 


199 


92-7 


180 


88-2 


161 


71*6 


142 


61*1 


123 


60-5 


104 


40-0 


198 


92-2 


179 


81-6 


160 


71-1 


141 


60-5 


122 


60*0 


103 


39-4 


197 


91-6 


178 


81*1 


159 


70-5 


140 


60*0 


121 


49*4 


102 


88-8 


196 


91-1 


177 


80*5 


158 


70*0 


139 


69*4 


120 


48*8 


101 


88-8 


196 


90-6 


176 


80*0 


167 


69-4 


138 


68*8 


119 


48-8 


100 


87*7 


194 


90*4 


176 


79*4 


156 


68*8 


137 


68*8 


118 


47-7 


99 


87-2 



(Reproduced by permission from the "Engineer's Year-Book.") 
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TABLE XI. 

Hetric Pressures in Kilogrammes per Square Centimetre with 
Equivalents rx Founds per Square Inch. 



Kilos 

per 

8q. Om. 


Lbs. per 
Sq. Inch. 


j Kilos 
1 l»r 
Sq. Cm. 


Lbs. per 
8q. Inch. 


Kilos 

per 

Sq. Cm. 


Lbs. per 
Sq. Inch. 


Kilos 

per 

Sq.Cm. 


Lbs. per 
Sq. Inch. 


•1 


1*422 


3-1 


44*091 


6*1 


86*761 


9-1 


129*431 


•2 


2-844 


3-2 


46-611 


i 6*2 


88*183 


9-2 


130-853 


•3 


4*266 


3-3 


46*936 


63 


89 606 


9-3 


132-275 


•4 


6*689 


3-4 


48-368 


6-4 


91*028 


9-4 


133*698 


•6 


7-111 


3-5 


49*781 


i 

6*5 


92*460 


9-5 


135*120 


•6 


8-533 


3-6 


61*203 


6*6 


93*873 


9-6 


186*542 


•7 


9-956 


3*7 


52*625 


6-7 


95-295 


9-7 


137-966 


•8 


11-378 


8-8 


64-048 


6-8 


96*717 


9*8 


139*387 


•9 


12-800 


3-9 


65*470 


6-9 


98*140 


9-9 


140*809 


1 


14*223 


4 


56*892 


7 


99-562 


10 


112-232 


1-1 


16-646 


4*1 


58-315 


I 7>1 

i 


100-981 


10-5 


149*343 


11 


17-067 


4-2 


59-737 


i 7*2 


102-407 


11 


166-465 


1-3 


18-490 


4-3 


61-159 


| 7*3 


103-829 


11-5 


163*666 


1-4 


19-913 


4-4 


62*582 


7-4 


105*251 


12 


170*678 


1-6 


21*334 


4-5 


64-004 


75 


106*674 


12-5 


177790 


1-6 


22*757 


4-6 


65 426 


! 7-6 

i 


108-096 


13 


184*901 


1-7 


24-179 


4'7 


66-849 


. 7-7 


109-618 


13-5 


192*018 


1-8 


26-601 


4-8 


68-271 


7-8 


110*940 


14 


199-124 


1-9 


27-024 


4*9 


69-693 


7-9 


112363 


11-5 


206-236 


2 


28-443 


6 


71-116 


8 


113-785 


15 


213-348 


21 


29*669 


51 


72-538 


8-1 


115*207 


15-5 


220*459 


2-2 


31-291 


6*2 


73-960 


8-2 


116*63) 


16 


227*571 


2*3 


32-713 


53 


75-382 


8-3 


118052 


16*5 


234-682 


2-4 


31*136 


6*4 


76-806 


8-4 


119-474 


17 


241*794 


2-5 


35-558 


5-5 


78227 


85 


120-897 


17*5 


248*906 


2-6 


36-980 


6*6 


79649 


86 


122-319 


18 


256*017 


2-7 


38-402 


5-7 


81-072 


8-7 

i 


123-741 


18*5 


263-129 


2*8 


39*824 


5-8 


82-494 


1 8-3 


125164 


19 


270-240 


2*9 


41*247 


6*9 


83-916 


8-9 


126-586 


19-6 


277-333 


S 


42*669 ' 


6 


8^*339 


9 


128-0C8 


20 


284*464 



(Reproduced by permission from the "Engineer's Tear-Book.*') 
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TABLE XVI. 



Table of Beams of Equal Strength throughout 

their Length. 



ilfo/e.— Tbe sections ore in all cases supposed to be rectangular. 
Fia. A. 

Depth equal throughout. 

Breadth proportional to dis- 
tance from loaded end. 




Fig. B. 




Depth equal throughout. 

Breadth proportional to square 
of distance from unsup- 
ported end. 



Breadth equal throughout. 

Depth proportional to square 
root of distance from loaded 
end. 




Fig. D. 



Breadth equal throughout. 

Depth proportional to dis- 
tance from unsupported end. 



Depth equal throughout. 
Breadth proportional to dis- 
tance from nearest point of 
support. 




Depth equal throughout. 

Breadth proportional to pro- 
duct of distance from both 
points of support. 



Fig. F. 



ku 




Breadth equal throughout, 

"Depth proportional to the 
square root of the distance 
from the nearest point of 
support. 



Fiq. 6. 




Fig. H. 

Breadth equal throughout. RUvfit* 

Depth proportional to the 

square root of the product ^^__^ 

of distance from both points •* A ^ ^^ J^ ^^ J^} 
of support. 199999 



(Reproduced by permistwn from Jfackrow's "Naval Architects' Pocket-book.") 
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Inches and 

Decimals 

of an Inch 
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t — 30^^ft«so©i*^^»«50©i^^»-«»^wftwco©i^^^xo«>ie>c©eo©x^^ftc©«©i>.^^oo»o 

IN©C. ttNG^X^HCftSQVOvXHiOA^VOCCNiHkOX^Vftnt^d^X'NCftnuO^X'HiSfttN© 
C^(On^M«HCOftXXt«t«©<4^efi©M < N^©9C>XXl«©CBiOi4t»(QM M ^OOS)XXNCOCC'4 
Cft«l*«iCftfl;l»w^*»<©©^X<NC06^XW©©«l>«iCftCOt>-iH>AC5WI^^Oft«©0'TX'N©© 

oc^H9iri9iwr}^^^iQ4©©©t«N©xxe)ft©©©HiN-<(N9490?)n , >r^oo>oco©[«t^['<iXaocn 


Milli- 
metres 
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SSM^^S©CQ^^^^^>0CCCC(«I«l^00Xftftft©O^^«-^>IC>IC0e0C0-^<'^iCi©>OCDCCt<>l<>t«XXXftft© 
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Milli- 
metres 
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©^^^^^-i^^^^e^WfNwwcN^^i^fNsoeoeoeQcoso^cocow 
eosocosoTOcosococowcccococQweosoeoajccsocococ© 


Indies and 
Decimals 
of an Inch 
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xo^fte©o5©S^^XO<Nftc©eo^xir>o*ft«©to©i^5^x»^^ftc»so©^^^x«Oso©i^^^ 
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EQUIVALENTS OF ENGLISH AND METRICAL WEIGHTS. 

TABLE XXVIII. 

Table giving the Equivalents op Avoir. Oz. in 

French Kilograms. 



o*. 
1 


Kilograms 


Ox. 


Kilograms 


Oz. 


Kilograms 
•255145867 


Oz. Kilograms 
IS ' -368544030 


028349541 


5 


■141747704 


9 


9 


•056699082 


6 ! -170097245 


10 


•283495408 


14 | -396893571 


3 


•085048622 


7 


•198446785 


11 


•311844948 


15i-425243112 


4 


•113398163 


8 


•226796326 


12 


•340194489 


16-453592652 



TABLE XXIX. 

Table giving the Equivalents op Avoir. Lbs. in 

French Kilograms. 



Lb*».' Kilograms 
1 



2 
3 
4 
5 
6 
7 



•45359265 
•90718530 
1-36077796 
1-81437061 
2-26796326 
2-72155591 
3-17514857 



KLbs. 

8 
9 
10 
11 
12 
13 
14 



Kilograms 


Lbs. 


3-62874122 


15 


408233387 


16 


4-53592652 


17 


4-98951917 


18 


5-44311183 


19 


5-89670448 


20 


635029713 


21 



Kilograms 

6 7 80388978" 
7-25748243 
7-71107509 
8*16466774 
861826039 
9-07185305 
9-52544570 



I*. 



22 
23 
24 
25 
26 
27 
28 



Kilograms 

10-43263100 
10-88622365 
11-33981631 
11-79340896 
12-24700161 
12-70059426 



TABLE XXX. 
Table giving the Equivalents op Quarters in 



French Kilograms. 



Qr. 



Kilograms 



1270059426 



Qre. 
2 



Kilograms 
25-401 18853 



Ore. 



Kilogram! 



38-10 



rrnms IQrs. 
F78279|~4~ 



Kilograms 

50 T 80237706| 



TABLE XXXI. 

Table giving the Equivalents op Cwts. in 
French Kilograms. 



Cwt 



1 
2 
3 

4 
5 



Kilograms Cwt 
50-80237705 ~6~ 
101-60475410 7 
152-40718116 8 
203-20950821 9 
254-01188526 10 



Kilograms 



Cwt 



304-81426231 

855*61663936 

406-41901642 

457-2213934 

508-023770521 



11 
12 
13 
14 
15 



Kilograms Cwt 
658-82614757 
609-62852462 
660*4309016 
711-283278781 
762-0356557 



16 
17 
18 
19 
20 



Kilograms 



812-83808283 
863-64040988 
914-44278694 
965-24516399 
1016-0475411 



TABLE XXXII. 

Table giving the Equivalents op Tons in 
French Kilograms. 



Tons 
~T 

2 

3 

4 

5 

6 

7 

8 

9 
10 



Kilograms 
1016-04754 
203209508 
304814262 
4064-19016 
5080-23771 
6096-28525 
7112-33279 
8128-38033 
9144-42787 
10160-4754 



Tons 



20 
30 
40 
50 
60 
70 
80 
90 
100 
200 



Kilograms 



20320-9508 300 
30481-4262 400 
40641-9016 500 
50802-3771 600 
609628525 700 
71123-3279 800 
81283-8033 900 
91444-2787 1000 
101604-7541100 
203209-508 1200 



Tons 



Kilo gram s Tons 
304814 ; 262 1300 
406419-016 1400 
508023-771 1600 
609628525 1600 
711233-2791700 
812838-033 1800 
914442-787 1900 
1016047-64 2000 
1117652-30 3000 
1219257-05 4000 



Kilograms 



1320861-80 
1422466-56 
1524071-31 
1625676-07 
1727280-82 
1828885-57 
1930490-33 
2032095-08 
3048142-62 
4064190-16 



(Reproduced by permission from Mackrow's " Naval Architects' Pocket-book."") 
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Table giving the Equivalents of Kilograms in Avoirdupoib Pounds and Tons. 


KUod.> Avoir. Lbs. 


Tou | Kilos., 
000984211 26 


Avoir. Lbs. 


Ton 


Kilos. 


Avoir. Lbs. 


Ton 


Kilos. 
76 


Avoir. Lbs. 


Ton 


1 


2-20462 i 


67-32016 


-02558935 


51 


112-43568 


•06019450 


167-55122 


•07479965 


2 


4-40924 • 


00196841 


27 


59-52477 


02657356 


52 


114-64031 


•05117871 


77 


169-75584 


•07578386 


3 


6-61386 • 


00295262 


28 


61-72940 


•02755777 


53 


116*84493 


•05216291 


78 


17196046 


•07676806 


4 


8-81849 • 


00393682 


29 


63-93402 


02854197 


54 


119-04955 


05314712 


79 


174-16608 


•07775227 


5 


11*02311 • 


00492103 


30 


6613864 


02962618 


55 


121-25417 


•05413133 


80 


176-36970 


07873647 


6 


13-22773 • 


00590524 


31 


68-34326 


03051038 


56 


123-45879 


05511553 


81 


178-57432 


•07972068 


7 


15-43235 • 


00688944 


32 


70-54788 


-03149459 


57 


125*66341 


•05609974 


82 


180-77894 


08070489 


8 


17-63697 • 


00787365 


33 ' 72-75250 


•03247880 


58 


127-86803 


•05708394 


83 


182*98356 


•08168909 


9 


19-84159 • 


00885785 


34 7495712 -03346300 


59 


13007265 


•05806815 


84 


185-18819 


•08267330 


10 


2204621 • 


00984206 


35 77-16174 


•03444721 


60 1 132-27728 


05905235 


85 


187-39281 


08365750 


11 


24-25083 • 


01082627 


36 79-36637 


03543141 


61 


134-48190 


•06003656 


86 


189-59743 


08464171 


12 


26-45555 • 


01181047 


37 81-57099 


-03641562 


62 


136-68652 


•06102077 


87 


191-80206 


•08562591 


13 


28-66008 • 


01279468 


38 83-77561 


•03739982 


63 


138-89114 


•06200497 


88 


194-00667 


•08661012 


14 


30-86470 • 


01377888 


39 85*98023 


•03838403 


64 


141-09576 


•06298918 


89 


196-21129 


•08759433 


15 


3306932 • 


01476309 


40 .88-18485 


-03936824 


65 


143*30038 


06397338 


90 


198*41591 


•08857853 


16 


35-27394 ■ 


01574729 


41 


90-38947 


04035244 


66 


146-50500 


-06495759 


91 


200*62053 


08956274 


17 


37-47856 • 


01673150 


42 92-59409 


04133665 


67 


147-70962 


06594180 


92 


202-82516 


•09054694 


18 


39-68318 • 


01771571 


43 


94-79871 


•04232085 


68 


149-91425 


06692600 


93 


20502978 


•09163115 


19 


41-88780 • 


01869991 


44 


9700334 


•04330506 


69 


15211887 


06791021 


94 


207*23440 


•09251536 


20 


4409243 • 


01968412 


45 


99-20796 


•04428927 


70 


154-32349 


•06889441 


95 


209-43902 


09349956 


21 


46-29705 • 


02066832 


46 


101-41258 


•04527347 


71 


156-52811 


06987862 


96 


211-64364 


•09448377 


22 


48-50167 ■ 


02165253 


47 


103-61720 


•04625768 


72 


158-73273 


•07086283 


97 


213*84826 


•09646797 


23 


50-70629 ■ 


02263674 


48 


105-82182 


-04724188 


73 


160-93735 


•07184703 


98 


216-05288 


•09645218 


24 


52-91091 ■ 


02362094 


49 


10802644 


•04822609 


74 


16314197 


•07283124 


99 


218-25750 


•09743639 


25 


56- 11553 ■ 


02460515 


50 


110-23106 


•04921030 


75 


165-34659 


•07381544 


100 


220-46213 


•09842059 


1 Table giving the EanvALBNTs of Kilograms in Avoirdupois Pounds and Tons (concluded). 


1 Kilos. 


Avoir. Lbs. 


Ton 


Kilos. 
126 


Avoir. Lbs. 


Ton 


Kilos. 


Avoir. Lbs. 


Ton 


Kilos. 


Avoir. Lbs. 


Ton 


101 


222-66675 


•09940480 


277-78228 


•12400995 


151 


332-89781 


14861509 


176 


38801334 


17322024 


102 


224-87137 


•10038900 


127 


279-98690 


12499415 


152 


335-10243 


•14969930 


177 


390-21796 


•17420445 


103 


227-07599 


10137321 


128 


282-29152 


•12697836 


153 


337 30705 


15058351 


178 


392-42258 


•17618866 


104 


229-28061 


10235742 


129 


284*49614 


12696256 


154 


339-51167 


•15156771 


179 


394-62720 


•17617286 


105 


231-48523 


•10334162 


130 . 286-60076 


•12794677 


155 


341-71629 


•15255192 


180 


396-83183 


•17715706 


106 


233*68985 


10432583 


131 288*80538 


12893097 


156 


343-92092 


•15353612 


181 


39903645 


•17814127 


107 


235-89447 


•10531003 


132 291-01001 


•12991518 


157 


34612554 


-15452033 


182 


401-24107 


•17912548 


108 


23809910 


•10629424 


133 293-21463 


13089939 


158 


348-33016 


15550453 


183 


403-44569 


-18010968 


109 


24030372 


•10727844 


134 295-41925 


13188359 


159 


350-53478 


•15648874 


184 


405*65031 


18109389 


110 


242-50834 


•10826265 


135 297-62387 


13286780 


160 


352-73940 


•15747295 


185 


407-85493 


•18207809 


111 


244-71296 


10924686 


136 


299-82849 


13385200 


161 


354-94402 


15845715 


186 


41005955 


18306230 


112 


246-91758 


•11023106 


137 


302-03311 


13483621 


162 


357-14864 


•15944136 


187 


412-26417 


•18404651 


113 


249-12220 


•11121527 


138 


304-23773 


13582042 


163 


359*35326 


•16042556 


188 


414-46880 


•18503071 


114 


251*32682 


•11219947 


139 


306-44235 


13680462 


164 


361-55789 


•16140977 


189 


416-67342 


•18601492 


115 


253-53144 


•11318368 


140 


30864698 


•13778883 


165 


363-76251 


-16239398 


190 


418-87804 


•18699912 


116 


255-73607 


11416789 


141 


310-85160 


13877303 


166 


365-96713 


•16337818 


191 


421*08266 


•18798333 


117 


257-94069 


•11515209 


142 


31305622 


13975724 


167 


36817175 


16436239 


192 


423*28728 


•18896754 


118 


26014531 


11613630 


143 


315-26084 


14074145 


168 


370-37637 


16534659 


193 


425-49190 


•18995174 


119 


262-34993 


11712050 


144 


317-46546 


14172565 


169 


372-68099 


16633080 


194 


427*69652 


•19093595 


120 


264-55455 


•11810471 


145 


319-67008 


14270986 


170 


374-78561 


•16731501 


195 


429-90114 


•19192015 


121 


266-75917 


a 1908892 


146 


321-87470 


14369406 


171 


376-99023 


•16829921 


196 


432-10677 


19290436 


122 


268-96379 


•12007312 


147 


32407932 


14467827 


172 


379-19486 


•16928342 


197 


434*31039 


•19388857 


423 


27M6841 


•12105733 


148 


326-28395 


•14566248 


173 


381-39948 


•17026762 


198 


436-51501 


•19487277 


124 


273-37304 


•12204153 


149 


328-48857 


•14664668 


174 


383-60410 


•17125183 


199 


438-71963 


-19585698 


125 


275-57766 


•12302574 


160 330-69319 


•14763089 


175 1385-80872 


•17223604 


200 


440-92425 


-19684118 
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TABLE XXXIV. 
Belt Velocity ob Cibcumfebektial Speed of Pullets. 



8 . 












Revolutions per Minute. 




i 












■ 










i 


i 




6 


60 


60 


1 70 


80 


90 


100 


110 


120 


ISO 


140 


150 


1 100 

1 


170 






110 




Velocity in Feet per 


Minute. 






235 






78'5 


94-2 


126 


141 


157 


178 


188 


204 


220 


251 


267 


7 


91-7 


110 


128 


146 


165 


183 


201 


220 


238 


256 


275 


293 


312 


8 


105 


126 


146 


167 


188 


210 


230 


251 


272 


293 


314 


335 


356 


9 


118 


141 


165 


188 


212 


236 


259 


282 


306 


330 


853 


377 


400 


10 


131 


157 


183 


209 


235 


262 


288 


314 


340 


366 


392 


419 


445 


12 


157 


188 


220 


252 


282 


314 


346 


377 


408 


440 


471 


502 


584 


14 


183 


220 


256 


293 


380 


366 


403 


440 


476 


513 


550 


586 


623 


16 


209 


251 


293 


335 


377 


419 


460 


502 


544 


586 


628 


670 


712 


18 


230 


282 


330 


377 


424 


471 


518 


565 


612 


659 


707 


754 


801 


20 


262 


314 


366 


419 


471 


524 


576 


628 


681 


733 


785 


838 


890 


22 


288 


845 


403 


460 


518 


576 


634 


691 


749 


806 


864 


921 


979 


24 


314 


877 


440 


502 


565 


628 


691 


754 


817 


880 


942 


1006 


1068 


26 


340 


408 


476 


545 


622 


681 


749 


817 


885 


958 


1021 


1089 


1157 


28 


380 


440 


518 


586 


659 


738 


806 


880 


953 


1026 


1100 


1173 


1246 


80 


398 


471 


550 


628 


706 


785 


864 


942 


1022 


1100 


1178 


1256 


1335 


32 


419 


502 


586 


670 


754 


888 


921 


1005 


1089 


1173 


1257 


1340 


1424 


34 


445 


534 


623 


712 


801 


890 


979 


1068 


1157 


1246 


1335 


1424 


1513 


36 


471 


565 


659 


754 


828 


942 


1037 


1181 


1225 


1319 


1414 


1508 


1602 


40 


523 


628 


733 


837 


942 


1047 


1162 


1256 


1361 


1466 


1571 


1675 


1780 


48 


628 


754 


879 


1005 


1181 


1257 


1382 


1508 


1633 


1759 


1885 


2010 


2136 


54 


707 


848 


989 


1131 


1272 


1414 


1555 


1696 


1838 


1979 


2120 


2262 


2403 


60 


785 


942 


1099 


1256 


1414 


1571 


1728 


1885 


2042 


2199 


2856 


2513 


2670 


66 


864 


1036 


1209 


1382 


1550 


1728 


1900 


2073 


2246 


2419 


2592 


2764 


2937 


72 


942 


1181 


1819 


1506 


1696 


1885 


2073 


2262 


2450 


2639 


2827 


3016 


3204 


78 


1021 


1225 


1429 


1633 


1838 


2042 


2245 


2450 


2655 


2859 


3063 


3207 


3472 


84 


1099 


1319 


1539 


1754 


1978 


2199 


2419 


2639 


2859 


8079 


3208 


3618 


3760 


6 












Kevolntl 


lone per 3 


kfinute. 












180 


190 


200 


210 


220 


230 


240 


250 


260 


270 


290 


290 


300 


Velocity in Feet per Minute. 


282 


298 


314 


330 


346 


861 


377 


892 


408 


424 


440 


455 


471 


7 


330 


348 


367 


385 


403 


421 


440 


458 


477 


495 


613 


531 


650 


8 


377 


398 


419 


410 


461 


481 


503 


523 


545 


565 


586 


607 


628 


9 


424 


447 


471 


495 


518 


542 


566 


588 


613 


630 


660 


683 


707 


10 


471 


497 


624 


549 


676 


602 


628 


654 


681 


707 


733 


759 


785 


12 


560 


597 


628 


659 


691 


722 


754 


785 


817 


848 


880 


911 


942 


14 


659 


696 


733 


769 


806 


843 


880 


916 


958 


989 


1026 


1063 


1100 


16 


754 


796 


838 


879 


921 


963 


1005 


1046 


1089 


1181 


1173 


1214 


1257 


18 


848 


895 


942 


989 


1037 


1084 


1131 


1178 


1225 


1272 


1819 


1366 


1414 


20 


942 


995 


1047 


1099 


1152 


1204 


1256 


1309 


1361 


1414 


1466 


1518 


1571 


22 


1037 


1094 


1152 


1209 


1267 


1325 


1382 


1440 


1497 


1555 


1612 


1670 


1728 


24 


1131 


1194 


1257 


1319 


1382 


1445 


1508 


1571 


1683 


1696 


1759 


1622 


1885 


26 


1225 


1293 


1861 


1429 


1497 


1565 


1633 


1701 


1770 


1888 


1906 


1974 


2042 


28 


1319 


1393 


1466 


1539 


1613 


1686 


1759 


1882 


1906 


1979 


2052 


2126 


2199 


30 


1413 


1492 


1571 


1649 


1728 


1806 


1885 


1968 


2042 


2120 


2199 


2277 


2356 


32 


1508 


1592 


1675 


1759 


1848 


1927 


2010 


2094 


2178 


2252 


2345 


2429 


2513 


34 


1602 


1691 


1780 


1869 


1968 


2047 


2136 


2225 


2314 


2403 


2492 


2581 


2670 


36 


1696 


1791 


1885 


1978 


2078 


2168 


2262 


1826 


2450 


2546 


2639 


2738 


2827 


40 


1885 


1989 


2094 


2199 


2304 


2513 


2618 


2723 


2827 


2932 


3037 


3141 


3240 


48 


2262 


2387 


2513 


2639 


2765 


2890 


3016 


3142 


3207 


3303 


3618 


3844 


3700 


54 


2545 


2686 


2827 


2969 


8110 


3261 


3303 


3834 


3070 


3017 


3060 


4100 


4240 


60 


2827 


2984 


3141 


8298 


3480 


3013 


3770 


3027 


4084 


4241 


4398 


4655 


4712 


66 


8110 


32*3 


3438 


3028 


3801 


3074 


4147 


4319 


4492 


4665 


4838 


5010 


5183 


72 


3392 


3M1 


3770 


3088 


4147 


4885 


4524 


4713 


4900 


5059 


5278 


5466 


5654 


78 


3676 


3380 


4084 


4288 


4492 


4696 


4900 


5059 


5309 


5518 


5717 


5921 


6125 


84 


3066 


4178 


4898 


4618 


4888 


5058 


5277 


5497 


5717 


5937 


6157 


6377 


6597 



(Reproduced by permission from the " Mechanical World Pocket Diary.") 
Note. — The speeds printed in heavy type are the best for Main Driving Belts. 



TABLE XXXV. 

HORSE-POWEB OF IjEATHEB BELTS PEB INCH OF WlDTS. 
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Velocity of Beit 

in Feet per 

Minute. 


Best Oak-tanned Belts. 




Best Link or 


Chain Belts. 




Single 
Belts. 


Light 

Doable 

Belts. 


Heavy 

Double 

Belts. 


in. 
ft 


in. 


in. 
ft 


in. 
} 


in. 

i 

i 


in. 
1 


100 


0-16 


0-21 


0-27 


018 


015 


017 


0-20 


0-24 


0*27 


200 


0-80 


0-42 


0-65 


0-25 


0*29 


0-85 


040 


0-47 


0-55 


800 


0-45 


0-64 


0-82 


0-38 


0-44 


0-52 


0-60 


0-71 


0-82 


400 


61 


0-86 


1-09 


0-51 


0-68 


0*69 


0-80 


0-95 


109 


500 


076 


1-06 


1-36 


0-64 


078 


0*86 


1-00 


1-18 


1*36 


600 


091 


1-27 


1-64 


076 


0-87 


104 


1-20 


1-42 


1-64 


700 


106 


1-49 


1-91 


0*89 


1-02 


1-21 


1-40 


1-65 


1-91 


800 


121 


1-70 


218 


0-92 


1-16 


1*88 


1-60 


1-89 


218 


900 


1*86 


1-91 


245 


1-05 


1-81 


1-55 


1-80 


2-18 


2-45 


1000 


151 


212 


2*73 


1-27 


1-45 


1-73 


2-00 


2-36 


2-73 


1100 


1-67 


2*33 


800 


1-40 


1-60 


1-90 


2-20 


260 


800 


1200 


1-82 


256 


827 


1*53 


1-75 


207 


240 


2-84 


3-27 


1800 


1-97 


276 


3*65 


1-65 


1-89 


2-25 


260 


307 


8-56 


1400 


212 


2*97 


3*82 


178 


2-04 


2*42 


2*80 


8*31 


8-82 


1600 


227 


3-18 


4*09 


191 


2-18 


259 


3*00 


8*55 


4*09 


1600 


242 


8*39 


4*86 


2-04 


2*83 


2-76 


8*20 


3*78 


4*86 


1700 


2*68 


8*61 


4*64 


2-16 


2-47 


2*94 


8*40 


4*02 


464 


1800 


273 


8*82 


491 


229 


2-62 


811 


8*60 


4-25 


4*91 


1900 


2-88 


4-03 


5-18 


242 


2-76 


3'28 


8*80 


4*49 


5*18 


2000 


8*08 


4*24 


545 


255 


2-91 


3*45 


4*00 


4-73 


5-45 


2100 


318 


4*45 


573 


2-67 


805 


3*63 


4*20 


4*96 


5*78 


2200 


8*33 


4-67 


600 


280 


8-20 


880 


4*40 


5-20 


6*00 


2300 


8*49 


4*88 


627 


2*93 


8-35 


8*97 


4*60 


5*44 


6-27 


2400 


8-64 


509 


665 


805 


3-49 


415 


4*80 


5-67 


6*55 


2600 


379 


5*80 


682 


318 


864 


4*32 


500 


591 


6*82 


2600 


8-94 


5*52 


7*09 


8*24 


8-78 


4*49 


5*20 


615 


7 09 


2700 


4*09 


6-73 


7*86 


8*28 


8-86 


4*66 


5*40 


6*38 


7*36 


2800 


4-24 


594 


7-64 


3-81 


886 


4*73 


5*60 


662 


7-C4 


2900 


4*89 


615 


7'91 


332 


3-87 


478 


5*80 


6*85 


7-91 


8000 


4*50 


636 


8*18 


8*31 


8*86 


4-75 


5*97 


7-09 


818 


3100 


4*60 


6*58 


8*45 


8'80 


8-85 


4*73 


5*96 


7-33 


8-45 


3200 


4-69 


6-79 


870 


8*28 


8*82 


4-71 


5*94 


7-37 


8-78 


3300 


477 


7-00 


8*86 


3*24 


3-77 


4-70 


692 


735 


8-88 


3400 


4-84 


721 


8*96 


8-19 


8-71 


4-64 


5*87 


7-32 


886 


3600 


490 


731 


9*06 


3*18 


3-61 


4-60 


5-78 


7-26 


8'80 


3000 


4*95 


740 


916 


305 


8-60 


4-87 


567 


716 


8-73 


3700 


499 


7-48 


924 


2*96 


8*39 


4*26 


555 


701 ' 


8-58 


3000 


5-03 


7-64 


9-29 


284 


8-28 


415 


5-41 


6-87 


8-41 


3000 


506 


7-60 


9*34 


272 


813 


4 02 


5-20 


6-70 


8-27 


4000 


5-08 


7-64 


937 


£-58 


2*95 


3*84 


501 


6*48 


8-04 


4200 


5*10 


7-70 


938 


227 


2*55 


3-37 


452 


5*98 


7-51 


4600 


5*07 


7-69 


927 


T64 


1-77 


2-45 


3*68 


505 


6-55 


6000 


4-82 


742 J 


875 


0-42 


0*55 


0-61 


155 


2-78 


4 32 



(Reproduced by permution from the "Mechanical World Pocket Diary.") 

JtfoTR. — The speeds printed in heavy type are the best for Main Driving Belts. 
For Table of Belt Velocities, see Table XXXIV. , p. 271. 
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TABLE XXXVII.* 

To be used in estimating the size and number of ropes for Main Driving Pulleys on 
shafts of 

2 cylinder double-acting (Otto cycle) tandem gas engines or 

)t ii . »» >» t™ . »> I? i> 

4 „ single-acting „ rts-a-vis „ ,, 

Table of Horse-Powers which good Three-Strand Cotton Driving Ropes will transmit 

(allowing a good margin of safety), running upon Pulleys not less than Thirty 

Times their Respective Diameters. 



Diameter 
of Rope. 


l" 


U" 


! >r 


! ir 


i ir 


1 

! 
i 


13" 


i U" 


i 


Velocity in 




1 




i 


ft. per mlu. 










i 










1000 


25 


3-1 


3-9 


4-6 


5-6 


6*5 


7-5 


8-7 


98 


1100 


2-7 


3-4 


4-2 


5-0 


6-1 


7*1 


8-2 


9-5 


10-7 


1200 


8-0 


8-7 


4-6 


5-5 


6-7 


7-8 


9-0 


10-4 


11-6 


1300 


8*2 


4*0 


5-0 


5-9 


7-2 


8-4 


9-7 


11-3 


12*7 


1400 


3-5 


43 


5-4 


6-4 


7-8 


9-1 


10-5 


12-1 


13-7 


1500 


3-7 


4-6 


5-8 


6-9 


8 4 


97 


11-2 


13*0 


14-7 


1600 


4-0 


4-9 


6-2 


7-3 


8*9 


10-4 


12-0 


13-9 


15-6 


1700 


4-2 


5-2 


6-6 


7-8 


9-5 


11-0 


12*7 


14-7 


16*6 


1800 


4-5 


5-5 


7-0 


8-2 


10-0 


11-7 


13-5 


15-6 


17-6 


1900 


4-7 


5-9 


7-4 


8-7 


10-6 


12-3 


14-2 


16-5 


18-6 


2000 


5-0 


6-2 


7-8 


92 


11-2 


13-0 


15*0 


17-4 


19-6 


2100 


5-2 


6-5 


8-2 


9-6 


11*7 


13-6 


157 


18-2 


20-5 


2200 


5-5 


6-8 


8-5 


104 


12-3 


14-3 


16-5 


191 


21-5 


2300 


5-7 


7-1 


8-9 


10-5 


12-8 1 


14-9 


17-2 


20-0 


22-5 


2400 


6*0 


7-4 


9-3 


11-0 


13-4 


15-6 


18-0 


20-8 


23 5 


2500 


6-2 


7-7 


9-7 


11-5 


140 


16*2 


18-7 


21-7 


24-5 


2600 


6*5 


8-0 


101 


11-9 


14-5 


16-9 


19-5 


226 


25 4 


2700 


6-7 


8*3 


10-5 


12-4 


15-1 


17-5 


20-2 


23-4 


26-4 


2800 


7-0 


8-6 


10-9 


12-8 


15-6 


18-2 


21*0 


24-3 


27-4 


2900 


7-2 


9-0 


11-3 


133 


16-2 


18-8 


21-7 


25-2 


28-4 


3600 


7-5 


9*8 


11-7 


13-8 


16-8 


19-5 


22-5 


261 


29-4 


3100 


7-7 


9 6 


12-1 


14-2 


17-3 


20-1 


23-2 


26-9 


30*3 


. 3200 


8-0 


9*9 


12-4 


14-7 


17-9 


20-8 


24-0 


27-8 


31*3 


3300 


8-2 


10-2 


12-8 


15*1 


18-4 


21 »4 


24-7 


28-7 


82*3 


3400 


8-5 


10-5 


13-2 


15-5 


19-0 


22-1 


25-5 


29-5 


33*3 


3000 


8-7 


10-8 


13-6 


16-0 


19-6 


22-7 


26-2 


30-4 


34*3 


3000 


9-0 


11-1 


14-0 


16-5 


20-1 


23-4 


27-0 


31*8 


35 2 


3700 


9-2 


11*4 


14-4 


17-0 


20-7 


24-0 


27-7 


32-1 


36*2 


3300 


9-6 


11-7 


14-8 


17-4 


21-2 


24-7 


28-5 


33-0 


37*2 


3000 


9-7 


12-0 


15-2 


17-9 


21*8 


25-3 


29-2 


83-9 


382 


4000 


1C0 


12-4 


15-6 


18-4 


22-4 


26 


80-0 


34-8 


39*2 


4100 


10-2 


12-7 


15-9 


18-8 


229 


26-6 


30-7 


85*6 


40-1 


4000 


10-5 


130 


16-3 


19-3 


23-5 


27-2 


31-5 


86-5 


411 


4300 


10-7 


13-3 


16-7 


19-7 


24-0 


27-9 


32-2 


874 


421 


4400 


11-0 


13*6 


17-1 


20-2 


24-6 


28-6 


33-0 


88-2 


43*1 


4500 


11-2 


13-9 


17*5 


20-7 


25-2 


29-2 


33-7 


39-1 


44*1 


4600 


11-5 


14-2 


17-9 


21-1 


25-7 


29-9 


34-5 


40*0 


45*0 


4700 


11-7 


14-5 


18-3 


216 


26*3 


30-5 


35-2 


40-8 


46*0 


4800 


12-0 


14-8 


18-7 


22-0 


26*8 


31-2 


36-0 


41*7 


47 


4900 


12-2 


15-2 


19-1 


22-5 


27-4 


31-8 


36-7 


42-6 


48-0 


5000 


12-5 


15-5 


19-5 


23-0 


28-0 

i 


32-5 


37-5 


43*5 


49-0 



For circumferential speed of pulleys, see Table XXXIV., p. 271. 

Note. — The most economical velocities for rope drives of this class are from 8000 to 
4500 feet per minute. In no case should the velocity exceed 5000 feet per minute. 

In Table XXXVII. a very ample margin of safety has been allowed in order to secure 
a long life of the ropes ; the 'powers may be increased by 15 per cent, with safety. 

* This table has been specially prepared by Messrs. William Kenyon & Sons, Ltd., 
Dukinficld, ne&r Manchester, for this class of drive. 
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TABLE XXXVIII.* 

To be used in estimating the size and number of ropes for Main Driving P alleys on 
shafts of— 



Single-cylinder single-acting (Otto cycle) gas engines or 

Vis-a-vis ,, 

Twin 



1» 



>» 



>l 



Table of Hone-Powers which good Three-Strand Cotton Driving Ropes will transmit 
(allowing a good margin of safety), running upon Pulleys not less than Thirty Times 



their Respective 


Diameters. 














Diameter 
of Rope. 


l" 


1 


U" 

i 


if" 


1*" 


1J" 


1J" 


13" 


2 » 


Velocity lo 
















ft. per min. 




















1000 


1-6 


2*0 


25 


3-0 


3-7 


4-8 


5-0 


5-7 


6*5 


1100 


1-8 


2-2 


2-8 


8-3 


4-0 


4-7 


5-5 


6-3 


7*1 


1200 


1-9 


24 


30 


8*6 


4-4 


5-1 


6-0 


6-9 


7-8 


1300 


21 


2-6 


83 


4-0 


4-8 


5-6 


6-5 


7-4 


8'4 


1400 


23 


2-8 


3-5 


4-3 


5-2 


6-0 


7-0 


8'0 


9-1 


1500 


2-4 


80 


3-8 


4-6 


5-5 


6-4 


7-6 


8-6 


9-8 


1600 


2-6 


8*3 


4-0 


4-9 


59 


6-9 


8-0 


9-2 


10*4 


1700 


2-7 


3*5 


4-3 


6-2 


6*3 


7-3 


8-5 


9-7 


ll-l 


1800 


2-9 


87 


4*5 


55 


6-7 


7-7 


9-0 


10-8 


11-7 


1900 


81 


39 


4-8 


5-8 


7-0 


8-1 


9-5 


10-9 


12 4 


2000 


32 


4*1 


5-1 


6*1 


7-4 


8-6 


10-0 


11-4 


18-0 


2100 


34 


43 


53 


6*4 


7-8 


9-0 


10-5 


12-0 


13*7 


2200 


8*5 


45 


56 


6*7 


8*1 


9-4 


11-0 


12-6 


14*3 


2300 


3-7 


47 


58 


7*0 


8-5 


9-9 


11-5 


13-2 


15 


2400 


39 


4-9 


61 


7*3 


8*9 


10-3 


1-2-0 


13*8 


15-6 


2500 


4-0 


51 


6-3 


7-6 


9-2 


107 


12-5 


14*3 


16-3 


2600 


4-2 


53 


6*6 


7*8 


9*6 


11-2 


13-0 


14-9 


16*9 


2700 


4*3 


55 


6-8 


8-3 


10-0 


11-6 


13*5 


15-5 


17*6 


2800 


4 5 


5*7 


71 


85 


10-4 


12-0 


14-0 


16-1 


18*2 


2900 


4-7 


5*9 


73 


8*8 


107 


12-5 


14-5 


16*6 


18*9 


3000 


4-8 


61 


76 


91 


11-1 


12-9 


15-0 


17*2 


19*5 


3100 


50 


63 


7*9 


94 


11-5 


13*3 


15-5 


17-8 


20-2 


3200 


52 


6*6 


81 


9*8 


11-9 


13-8 


16-0 


18*4 


20*9 


3300 


53 


68 


8*4 


101 


12-3 


14-2 


16-5 


18 9 


21*5 


3400 


6*5 


7*0 


86 


10-4 


12-6 


146 


17-0 


19-5 


22*2 


3000 


5-6 


72 


8*9 


10*7 


18-0 


150 


17-5 


20-1 


22-8 


3000 


5*8 


7*4 


9-1 


11-0 


18-4 


15-5 


18-0 


20-7 


23*5 


3700 


6-0 


76 


94 


11-3 


13*7 


15-9 


18-5 


21-2 


24-1 


3000 


61 


7 8 


9'6 


11*6 


14-1 


16-3 


19-0 


21-8 


24*8 


3000 


6-8 


8*0 


9*9 


11-9 


14-5 


16-8 


19-5 


22-4 


25*4 


4000 


6-5 


8*2 


10-2 


122 


14-8 


17-2 


20-0 


23-0 


26*1 


4100 


6-6 


8'4 


10-4 


125 


15-2 


17-6 


20*5 


28*5 


26-7 


4200 


6*8 


86 


10-7 


12*8 


15-6 


18-1 


21-0 


24-1 


27-4 


4300 


6-9 


88 


10-9 


131 


15-9 


18 5 


21-5 


24*7 


28'0 


4400 


7-1 


9*0 


11-2 


13*4 


16-4 


18*9 


22-0 


25-3 


28*7 


4500 


7-3 


9*2 


11-4 


137 


16-7 


19-4 


22*5 


26*8 


29*3 


4600 


7-4 


9*4 


11-7 


140 


17'1 


19-8 


23-0 


26-4 


80-0 


4700 


7-6 


96 


11-9 


14*3 


17-4 


20-2 


28-5 


27*0 


80*6 


4800 


7*8 


9'9 


12-2 


147 


17-8 


20-7 


24'0 


27*6 


313 


4900 


7-9 


10*1 


12-4 


15*0 


18-2 


21-1 


24*5 


28*1 


320 


5000 


8-1 


10*3 


12-7 


153 


18-5 


21*5 


26-0 


28*7 


327 



For circumferential speed of pulleys, see Table XXXIV., p. 271. 

Note. — The most economical velocities for rope drives of this class are from 3000 to 
4500 feet per minute. In on case should the velocity exceed 5000 feet per minute. 

In Table XXXVIII. a very ample margin of safety has been allowed in order to secure 
a long life of the ropes ; the power may be increased by 15 per cent, with safety. 

* This table has been specially prepared by Messrs. William Kenyon & Sons, Ltd., 
Dukinfield, near Manchester, for this class of drive. 
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TABLE XXXIX. 



Table of the Circumferences and Abbas of Cikcles, advancing by 8thb. 


i 

a 


1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 





* 


i 


t 


i 


1 


1 




i 


1 

Q 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 


Clrcm. 


Area 


Clrcm. 


Area 

T 0123 
•9940 
3-547 
7-670 
13-36 
20-63 
29-46 
39-87 
51-85 
65-40 
80-52 
97-21 
115-5 
135-3 
156-7 
179-7 
204-2 
230-3 
258-0 
287-3 


Circm. 

•7854 
3-927 
7-069 
10-21 
13-35 
16-49 
19-64 
22-78 
25-92 
29-06 
32-20 
35-34 
38-48 
41-63 
44-77 
47-91 
5105 
5419 
57-33 
60-48 

Circm. 


Area 


Circm. 


Area 


Circm. 


Area 

•1963 
1-767 
4-909 
9-621 
1590 
23-76 
33-18 
4418 
56-75 
70-88 
86-59 
103-9 
122-7 
1431 
1651 
188-7 
213-8 
240*5 
268-8 
298-6 

Area 


Circm. 

1-964 
5-105 
8-247 
11-39 
14-53 
17-C7 
20-81 
23-95 
27-10 
30*24 
33-38 
36-52 
39-67 
42-80 
45-95 
49-09 
52*23 
55-37 
58-51 
61-65 

Circm. 


Area 


Circm. 


Area 


Circm. 


Area 

~6013 
2-761 
6-492 
11-79 
18-67 
27-11 
3712 
48-71 
61-86 
76-59 
92-89 
110*8 
130-2 
151-2 
173-8 
197-9 
223-7 
250-9 
279-8 
310-2 


3142 
6-283 
9-425 
12-57 
15-71 
18-85 
21-99 
2513 
28-27 
31-42 
34-56 
37-70 
40-84 
43-98 
47-12 
50-27 
53-41 
56-55 
59*69 


•7854 
3142 
7069 
12-57 
19-64 
28-27 
38-48 
50-27 
63-62 
78-54 
95-03 
1131 
132-7 
153-9 
176-7 
201-1 
2270 
254*5 
283-5 


•3927 
3-534 
6-676 
9-818 
12-96 
16-10 
19-24 
22-38 
25-53 
28-67 
31-81 
34-95 
38-09 
41-23 
44-38 
47-52 
50-66 
63-80 
56-94 
60-08 


•0491 
1-227 
3-976 
8*296 
1419 
21-65 
30-68 
41-28 
53*46 
67-20 
82-52 
99-40 
117-9 
137-9 
159-5 
182-7 
207-4 
233-7 
261*6 
291-1 

Area 


1-178 
4-320 
7-461 
10-60 
13-74 
16-89 
20-03 
2317 
26-31 
29-45 
32-59 
35-74 
38-88 
42-02 
45-16 
48-30 
51-44 
54-59 
57-73 
60-87 

Circm. 


•1104 
1-485 
4-430 
8-946 
15*03 
22-69 
31-92 
42-72 
55-09 
69-03 
84-54 
101-6 
120-3 
140-5 
162-3 
185-7 
210-6 
2371 
265-2 
294-8 


1-571 
4-712 
7-854 
1100 
14-14 
17-28 
20-42 
23-56 
26-70 
29-85 
32-99 
3613 
39-27 
42-41 
45*55 
48-69 
51-84 
54-98 
58-12 
61-26 


•3068 
2074 
5-412 
10-32 
16-80 
24-85 
34-47 
45-66 
58-43 
72-76 
88-66 
106-1 
125-2 
145-8 
168-0 
191-7 
2171 
2440 
272-4 
302-5 


2-356 
5-498 
8-639 
11-78 
14-92 
1806 
21-21 
24-35 
27-49 
30-63 
33-77 
36-91 
40-06 
43-20 
46-34 
49-48 
52-62 
55-76 
58-90 
6205 


•4418 
2-405 
5-940 
11-04 
17-72 
25-97 
35-78 
47-17 
6013 
74-66 
90*76 
108-4 
127-7 
148-5 
170*9 
194-8 
220-4 
247-4 
276-1 
306-4 


2-749 
5-891 
9-032 
12-17 
15-32 
18-46 
21*60 
24-74 
27-88 
31-02 
3416 
37-31 
40-45 
43*59 
46-73 
49-87 
6301 
56-16 
59-30 
62-44 


i 

cS 

s 


Circm. 


Area 


Circm. 


Area 


Area 


Circm. 


Area 


Circm. 


Area Circm. 


Area 


• 





* 


* 


4 


* 


* 


i 


* 



Table of the Circumferences and Areas of Circles, advancing by 8ths (continued). 


i 





• 


i 


i 


* 


1 


* 


i 


20 


Circm. 


Area 
"3144 


Circm. 
63-22 


Area 


Circm. 
63-62 


Area 


Circm. 


Area 


Circm. 


Area 


Clrcm. 


Area 


Circm. 
6519 


Area 
338-2 


Circm. 
65*58 


Area 
342-3 


20 


62-83 


318-1 


3221 


64-01 


3261 


64-40 


3301 


64-80 


3341 


21 


65-97 


346*4 


66-37 


350-5 


66-76 


354-7 


67-15 


358*8 


67-54 


3631 


67-94 


3673 


68*33 


371-5 


68-72 


375-8 


21 


22 


69-12 


3801 


69-51 


384*5 


69-90 


388-8 


70*29 


393-2 


70-69 


397-6 


71-08 


402-C 


71-47 


406-5 


71-86 


411-0 


22 


23 


72-26 


415-5 


72-65 


420O 


7304 


424-6 


73-43 


429-1 


73-83 


433-7 


74-22 


438-4 


74-61 


443C 


75-01 


447-7 


23 


24 


75-40 


452-4 


75-79 


4571 


7618 


461-9 


76-58 


466-6 


76-97 


471-4 


77-36 


476*3 


77-75 


481*1 


78-15 


486-0 


24 


25 


7854 


490-9 


78-93 


495-8 


79-33 


600-7 


79-72 


605-7 


8011 


610-7 


80-50 


515-7 


80-90 


520-8 


81-29 


525-8 


25 


26 


81-68 


530*9 


8207 


5360 


82-47 


641-2 


82-86 


546-4 


83-25 


551-5 


83-64 


656-8 


84-04 


562< 


84-43 


567-3 


26 


27 


84-82 


572-6 


85-22 


577-9 


85-61 


583-2 


8600 


588-6 


86-39 


594-0 


86-79 


599-4 


87*18 


604-8 


87-57 


610-3 


27 


28 


87-96 


615-8 


88-36 


621-3 


88-75 


626-8 


89-14 


632-4 


89-54 


637-9 


89-93 


643-5 


90-32 


649-2 


90-71 


654*8 


28 


29 


9111 


660-5 


91-50 


666-2 


91-89 


6720 


92-28 


677-7 


92-68 


683-5 


9307 


689-3 


93-46 


6951 


93-86 


7010 


29 


30 


94-25 


706-9 


94-64 


712-8 


9503 


718-7 


95-43 


724-6 


95-82 


730-6 


96-21 


736-6 


96-60 


742-6 


97-00 


748-7 


30 


31 


97-39 


754-8 


97-78 


760-9 


98-17 


7670 


98-57 


773-1 


98-96 


779-3 


99-35 


785-6 


99-75 


791-7 


1001 


798-0 


31 


32 


100-5 


804-2 


100-9 


810-5 


101-3 


816-9 


101-7 


823-2 


102-1 


829-6 


102-5 


8360 


102-9 


842-4 


103-3 


848-8 


32 


33 


103-7 


855-3 


1041 


861-8 


104-5 


868-3 


104-9 


874-8 


105-2 


881-4 


105-6 


888-0 


106-0 


894-6 


106-4 


901-3 


33 


34 


106-8 


907-9 


107-2 914-6 


107-6 


921-3 


108-0 


9281 


108-4 


934-8 


108-8 


9416 


109-2 


948-4 


109-6 


955-3 


34 


35 


110-0 


962-1 


110-3! 969-0 


110-7 


975-9 


1111 


982-8 


111-6 


989-8 


111-9 


996-8 


112-3 


1003-8 


112-7 


1010-8 


35 


36 


113-1 


1017-9 


113-5 10250 


113-9 


10321 


114-31039-2 


114-7 


1046-3 


115-11053-5 


115-5 


1060-7 


115-8 


1068-0 


36 


37 


116-2 


1075-2 


116-6 1082-5 


117-0 


1089-8 


117-41097-1 


117-8 


1104-5 


118-21111-8 


118-6 


1119-2 


1190 


1126-7 


37 


38 


119-4 


11341 


119-81141-6 


120-2 


11491 


120-61156-6 


121-0 


1164-2 


121-3 


1171-7 


121-7 


1179*3 


1221 


1186-9 


38 


39 
c 


122-5 

Circm. 


1194-6 
Area 


122-9 
Circm. 


1202-3 


123-3 

Circm. 


12100 


123-7 1217-7 


124-1 


1225-4 


124-5 


1233-2 
Area 


124-9 
Circm. 


1241-0 


125-3 


1248-8 


39 

■ 

a 


Area 


Area 


Circm. 


Area 


Circm. 


Area 


Circni. 


Area ICircm. 


Area 





i 


i 


1 1 * 


* 


} 1 * 1 


i 



TABLE XXXIX. (continued). 
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Table op the Circumferences and Areas of Circles, advancing bt 8ths (continued). 


1 

Q 

40 





* 


i 


1 


4 


I 


1 


i 


• 

40 


Circm. 


Area 


Circm. 


Area 
1264-5 


Circm. Area 
126*4 1272*4 


Circm. 


Area 


Circm. 


Area 
1288-2 


Circm. 


Area 
1296-2 


Circm. 


Area Circm. 
1304-2 128-4 


Area 


125-7 


12566 


1261 


126-8 1280-3 


127-2 


127-6 


128*0 


1312-2 


41 


128-8 


1320*3 


129-2 


1328*3 


129*6 


1336*4 


130-0 


1344-5 


130*4 


1352-7 


130*8 


1360-8 


131-2 


1369C 


131-6 


1377-2 


41 


42 


131-9 


1385*4 


132-3 


1393-7 


132-7 


14020 


1331 


1410-3 


133-5 


1418-6 


133-9 


1427-0 134-3 


1435-4 


134-7 


1443-8 


42 


43 


1351 


1452*2 


135-5 


1460-7 


135-9 


1469-1 


136-3 


1477-6 


136-7 


1486-2 


137-1 


1494-7 


137-4 


1503*3 


137-8 


1511-9 


43 


44 


138-2 


1520-5 


138-6 


1629*2 


139*0 


1537*9 


139-4 


1546-6 


139-8 


1555-3 


140-2 


1564-0 140*6 


1572-8 


141-0 


1681-6 


44 


45 


141*4 


1590-4 


141-8 


1599*3 


142-2 


1608-2 


142-5 


1617C 


142-9 


1626C 


143*3 


1634*9 143-7 


1643-9 


144-1 


1652*9 


45 


46 


144-5 


1661*9 


144*9 


167K 


145-3 1680-C 


146-7 


1689-1 


146-1 


1698-2 146-5 


1707-4 


146-9 


1716-5 


147-3 


1725-7 


46 


47 


147-7 


1734-9 


1480 


1744-2 


148*4 1753-5 


148-8 


1762-7 


149-2 1772-1 


149-6 


1781-4 


1500 


1790-8 


160-4 


1800-1 


47 


48 


150-8 


1809-6 


151-2 


1819*0 


151*6 


1828-5 


1520 


18371 


152-4 1847-6 


152-8 


1857C 153*2 


1866*6 


153-5 


18761 


48 


49 


153-9 


1885-7 


154*3 


1895*4 


154-7 


1905< 


155-1 


1914-7 


155-5 1924-4 


156-9 


1934-2 


156*3 


1943-9 


166-7 


1953-7 


49 


50 


157-1 


1963-5 


157-5 


1973*3 


157*9,1983-2 


158-3 


19931 


158-7 2003-C 159-0 


2012-9 


159*4 


2022*8 


159-8 2032-8 


50 


51 


160-2 


2042-8 


160-6 2052*8 


16102062-9 


161-4 


2073C 


161-8J2083-1 


162-2 


2093-2 


162*6 


2103-4 


163*02113-5 


51 


52 


163-4 


2123-7 


163-8 


2133-i 


164-1J2144-5 


164-5 2154-5 


164*92164*8 


165-3 


21751 


165*7 


2185*4 


166*1 121958 52 


53 


166-5 


2206-2 


166-9 


2216-6 


167*3 22270 


167-7 


2237*5 


168-12248-C 168-5 


2258-5 


168*9 


22691 


169*3 ! 2279*6 53 


54 


169-6 


2290-2 


170-0 


2300** 


170*4 2311-5 


170-8 


23221 


171*2 2332-8 


171*6 


2343-5 


172*0 


2354*3 172-4 2365-C 54 


55 


172-8 


2375-8 


173-2 


2386*6 


173*6 


2397-5 


174-02408-3 


174*4 2419*2 


174-8 


2430*1 


1751 


24411 


175*5 24520 


55 


56 


176-9 


2463C 


176-3 


2474-C 


176*7 2485 


1771 


2496*1 


177*6 2507-2 


177*9 


2518*3 


178-3 


2529*4 


178-7 2540-6 


56 


67 


179-1 


2551-8 


179*5 


2563C 


179-9 2574-2 


180*2 


2585*4 


180-6;2596-7 


181-0 


2608-0 


181-4 


2619-4 


181-8 2630-7 


57 


58 


182-2 


2642*1 


182*6 


2653*5 


1 8302664-9 


183-4 


2676-4 


183-8 2687-8 


184*2 


2699-3 


184-6 


2710-9 


185*0 2722*4 


58 


59 


185-4.2734-0 


185-7 


2745-6 


1861 


2757-2 


186-5 


2768-8 
Area 


186-9 
Circm. 


2780-5 
Area 


187-3 


2792-2 
Area 


187-7 2803-9 


188*1 2815-7 


59 


• 

hi 

I 

Q 


Circm. 


Area 


Circm. 


Area 


Clrcm. 


Area 


Circm. 


Clrcm. 


Circm. 


Are*a 


Circm. 


Area 


1 Diamr. 


( 


) 


* i 


i 


i 


I 


i 1 * 



Table op the Circumferences and Areas op Circles, advancing by 8ths (continued). 


• 

§ 

5 
60 





i 


i 


i 


4 


1 


i 


. i 


• 

Q 
60 


Circm. 


Area 


Circm. 


Area 


Circm. ' Area 


Circm. Area 


Circm. 


Area 


Circm.) Area 


Circm. I Area 


Circm.! Area 


188*5 


2827*4 


188-9'2839*2 


189-32851-0 


169-7 2862-9 


190-1 


2874*8 


190-6 2886-6 


190-9 2898-6 


191-2 2910-5 


61 


191-62922-6 


1920 2934-5 


192*42946*5 


192-8 2958-5 


193-2 


2970*6 


193-6 2982-7 


194 ■0:2994-8 


194-4 3006-9 


61 


62 


194-8 3019-1 


195*2 3031*3 


195-6 3043-5 


196-0 3055-7 


196-3 3068*0 


196-7 3080-2 


197-l!3092-6 


197-5 3104-9 


62 


63 


197-9 3117-2 


198-3 3129-6 


198-7 3142-0 


199-1 13154*6 


199-53166** 


199-9 3179-4 


200-33191-9 


200-7 3204-4 


63 


64 


20M 3217*0 


201-5 3229-6 


201-8 3242-2 


202-2 3254*8 


202-63267*6 


203-0 3280-1 


203-4 3292-8 


203-8 3305-6 


64 


65 


204-2,3318*3 


204-6 3331-1 


20503343-9 


205-43356*7 


205-8 3369-fi 


206-2 3382-4 


206-63395-3 


2070 3408-3 


65 


66 


207-3.3421-2 


207-73434-2 


208-1 3447-2 


208-5'3460-2 


208-9 3473-2 


209-33486-3 


209*7 3499*4 


210-1 3512-5 


66 


67 


210-53525-7 


210-9 3538*8 


211-3 3552 


211-7 3565-2 


212-1 3578-5 


212-5 3591-7 


212*8 3605*0 


213-2 3618-4 


67 


G8 


213-6 3631-7 


21403645-1 


214-4 3658*4 


214-83671*8 


215-2 3685-3 


215-6 3698-7 


21603712-2 


216-4 3725-7 


68 


69 


216*8.3739-3 


217*2 3752*8 


217-6 3766-4 


217*9 3780-C 


218-3 3793-7 


218-7 3807-3 


219-1,3821-0 


219-53834-7 


69 


70 


219*9:3848*5 


220-3 3862-2 


220*7 38760 


221*l'3889*8 


221-5 3903$ 


221-9 3917-6 


222-3 3931-4 


222-7 3945-3 


70 


71 


22313959*2 


223-43937-2 


223-8 3987-1 


224*24001-1 


224-6 


4015-2 


22504029-2 


225*4 4043-3 


225-8 4057-4 


71 


72 


226*2 4071*5 


226-6 4085-7 


227-04099-8 


227*4 4114*0 


227-8 


4128-3 


228-2 4142-5 


228-6 4156-8 


228-9 41711 


72 


73 


229-3,4185-4 


229-7 4199*7 


23014214*1 


230*5 4228-5 


230-914242-9 


231-3 4257-4 


231-74271-8 


2321 4286-3 


73 


74 


232-5 4300*9 


232*9 4315*4 


233-3 4330C 


233-7 4344-6 


2340 4359-2 


234-4 4373-8 


234*84388-5 


235-2 4403-2 


74 


75 


235-6j4417*9 


236*0 4432-6 


236-4 4447-4 


236-8 4462-2 


237-2 4477-0 


237-6 4491-8 


2380.4506-7 


238*4 4521*5 


75 


76 


238-84536*5 


239*2 4551*4 


239-5 4566-4 


240-04581-3 


240-3 4596-3 


240-74611-4 


24114626-4 


241*5 4641-5 


76 


77 


241-9 4656-6 


242-3 4671-8 


242-7 4686*9 


2431 47021 


243-5 4717-3 


243-9 4732-5 


244-3 4747-8 


244*747631 


77 


78 


2450 4778-4 


245-4 4793-7 


245-8 4809-( 


246-2 4824-4 


246-6 4839-8 


247-0 4855-2 


247-4 4870-7 


247*8 4886-2 


78 


79 

• 


248-2 

1 


4901-7 

Area 


248-6 4917-2 


249-0 4932-7 


249-4 4948-3 


249-8 4963-9 


2501 4979*5 


250-5 4995-2 


250-9 5010-9 


79 


Circm. ' 



Circm. Area 


Clrcm. Area 


Clrcm. Area 


Circm. Area 


Circm. Area 


Circm. • Area 


Circm.; Area 


• 


* 


i 


f 1 * 


l 


t 


i 
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TABLE XXXIX. (continued). 














Table of thb Circumferences and Areas of Circles, advancing by 8xhb (concluded). 


80 





* 


i 


t 

Circm. | Area 


4 


t 


I 


Li- 


• 

1 

5 
80 


Circm. 


Area 


Circm. 


Area 


Circm. | Area 


Circm. 


Area 
5089-6 


Circm. 


Area 


Circm. 


Area Circm. 


Area 
51371 


251-3 


5026-5 


251-7 


5042-3 


252-1 ,5058-0 


252-5,5073-8 


252-9 


253-3 


5105-4 


253-7 


5121*2 


254*1 


81 


254-5 


5153C 


2549 


5168-9 


255-3 5184-9 


255-65200-8 


2560 


5216-8 


256*4 


5232*8 


256-8 


5248*9 


257*2 


5264-9 81 


82 


2576 


5281-C 


25805297-1 


258-4 


5313-3 


258-85329-4 


259-2 


5345-6 


259*6 


5361-8 


260*0 


5378*1 


260*4 


5394*3 


82 


83 


260-8 


5410-6 


26115426-9 


261-5 


5443-3 


261-9 5459-6 


262-3 


5476-0 


262*7 


5492*4 


2631 


5508-8 


263*5 


5525-3 83 


84 


263-9 


5541'8 


264-35558-3 


264-7 


5574-8 


265-1I5591-4 


265-5 


5607*9 


265-9 


5624*5 


266*3 


5641-2 266-6 


5657*8 


84 


85 


2670 


5674-5 


267-45691-2 


267-8 


5707-9 


268-25724-7 


268-6 


5741-5 


269*0 


5768*3 


269*4 


57751 


269*8 


5791*9 85 


86 


270*2 


5808*8 


270-6 5825-7 


271-0 


5842-6 


271*415859-6 


271-7 


5876-5 


272*1 


5893*5 


272-5 


5910*6 272*9 


5927-6 


86 


87 


273-3 5944-7 


273-7 


5961-8 


2741 


5978-S 


274-559960 


274-9 


6013-2 


275-3 


6030-4 276*7 


6047*6 


2761 


6064-9 


87 


88 


276-5 


60821 


276-9 


6099-4 


277-2 


6116-7 


277-6|61341 


2780 


6151-4 


278*4 


6168*8 


278*8 


6186*2 


279-2 


6203-7 


88 


89 


279-6 


6221-2 


28O0 6238-6 


280-4 


62561 


280-8.6273-7 


281-2 


6291-2 


281*6 


6308-8 


282*0 


6326-4 


282*4 


63441 


89 


90 


282-7 


6361-7 


283-1 


6379-4 


283-5 


63971 


283-9'6414-8 


284-3 


6432-6 


284*7 


6450-4 


2851 


6468*2 


285*5 


6486*0 


90 


91 


285-9 


6503-9 


286-3 


6521-8 


286-7 


6539-7 


2871 16557-6 


287-5 


6575-5 


287-8 


6593-5 288-2 


6611-5 288-6 


6629*6 


91 


92 


289-0 


6647-6 


289-4 


6665-7 


289-8 


6683*8 


290*2 6701-9 


290-6 


6720-1 


291-0 


6738-2 291-4 


6756-4 


291-8 


6774*7 


92 


93 


292-2 


6793( 


292-6 


6811-2 


2930 


6829-5 


293-36847-8 


293-7 


6866*1 


2941 


6884*5 


294-5 


6902-9 294*9 


6921*3 


93 


94 


295-3 


6939-8 


295-7 


6958-2 


296-1 


6976-7 


296-5 6995-3 


296-9 


7013-8 


297-3 


7032*4 


297*7 


7051C 


298-1 


7069*6 


94 


95 


298*5 


7088-5 


298-8 


7106-9 


299-2 


7125-6 


299-67144-3 


300-0 


7163C 


300-4 


7181-8 


300*8 


7200-6 


301-2 


7219-4 


96 


96 


801-6 


7238-5 


302-0 


7257-1 


302*4 


7276C 


302-8|7294-9 


303-2 


7313-8 


303*6 


7332*8 


303*9 


7351-8 


304*3 


7370*8 


96 


97 


304-7 


7389-8 


305-1 


7408-9 


305-5 


7428C 


305-9,74471 


306-3 


7466*2 


306*7 


7485-3 


307-1 


7504*5 


307-5 


7523*7 


97 


98 


307-9 


7543-C 


308-3 


7562-2 


308-7 


7581-5 


309-1 '7600-8 


309-4 


7620^1 


309-8 


7639*5 


310-2 


76581 


310*6 


7678*3 


98 


99 

a 

3 

P 


311-0 


7697-7 
Area 


311-4i7717-2 


311-8 

Circm. 


7736-6 
Area 


312-2 7756-1 


312-6 


7775-6 
Area 


3130 


7795-2 


313*4 


7814-8 


313*8 


7834-4 


99 


Circm. 


Circm. j Area 


Circm. Area 


Circm. 


Circm. 


Area 


Circm. 


Area 


Circm. 


Area 


§ 

S 





i 


i 1 


i 


r 
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* 
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(Reproduced by permission from Xackrow's «' JTaral Architects' PocketAwok.") 



TAELE XL. 



Table of the Circumferences of Circles, advancing bt IOths. 




l 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 



i 



Circumferences 



*0 



•0000 
31416 
6-2832 
9-4248 
12-5664 
15-7080 
18-8496 
21-9912 
251328 
28-2744 
31-4160 
34-5576 
37-6992 
40-8408 
43-9824 
471240 
50-2656 
53-4072 
56-5488 
59-6904 



•3142 
3-4557 
6-5973 
9-7389 
12-8805 
16-0221 
191637 
22-3053 
25*4469 
28*5885 
31-7301 
34-8717 
380133 
41-1549 
44-2965 
47-4381 
50-5797 
53-7213 
56-8629 
60*0045 



•6823 
3-7699 
6-9115 
100531 
131947 
16-3363 
19*4779 
22*6195 
25-7611 
28-9027 
320443 
351859 
38-3275 
41-4691 
44*6107 
47-7523 
50*8939 
54*0355 
571771 
60-3187 



•3 



•9425 
4-0840 
7-2256 
10-3672 
13-5088 
16-6504 
19-7920 
22-9336 
26*0752 
29-2168 
32-3580 
35-5010 
38-6416 
41-7832 
44-9248 
48*0664 
51-2080 
54-3496 
57-4912 
60-6328 

~3 



1-2566 
4-3982 
7-5398 
10-6814 
13-8230 
16-9646 
20-1062 
23-2478 
26-3894 
29-5310 
32-6726 
35-8142 
38-9558 
42-0974 
45-2390 
48-3806 
51-5224 
54-6038 
57-8054 
60-9470 



1-5708 
4-7124 
7-8540 
10*9956 
141372 
17*2788 
20*4204 
23-5620 
26-7036 
29-8452 
32-9868 
361284 
39-2700 
42-4116 
45-5532 
48-6948 
51-8364 
54-9780 
58-1196 
61-2612 



1-8850 
50265 
8-1681 
11-3097 
14*4513 
17*5929 
20*7345 
23-8761 
270177 
301593 
33-3009 
36-4425 
39-5841 
42-7257 
45-8673 
49-0089 
52-1 505 
55-2921 
58-4337 
61-5753 



2-1991 
5-3407 
8-4823 
11-6239 
14-7655 
17-9071 
21*0487 
24*1903 
27-3319 
30-4735 
33-6150 
36-7567 
39*8983 
43*0399 
461815 
49-3321 
52-4647 
55-6063 
59-7479 
61*8895 



8 



2-5133 
5-6548 
8-7964 
11-9380 
150796 
18-2212 
21-3628 
24-5044 
27*6460 
30*7876 
33*9292 
370708 
40-2124 
43-3540 
46-4966 
49*6372 
52*7788 
55*9204 
59*0620 
62*2036 

-8 



2-8274 
5-9690 
91106 
12*2522 
15-3938 
18-5354 
21-6770 
24*8186 
27-9602 
31-1018 
34-2434 
37-3840 
40*5266 
43*6682 
46*8098 
49-9514 
530930 
56*2346 
59-3762 
62-5178 



I 



Circumferences 





1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

I 

p 



TABLE XL. (continued). 
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Table of the Circumferences of Circles, advancing by IOths 


(continued). 


! 

20 


Circumferences 


1 

P 
20 


•0 


•1 


•2 


•3 


•4 
64-0886 


•5 


•6 
64-7161 


•7 


■8 
65-3452 


•9 


~ 62-8320 


631461 


63-4603 


63-7744 


64-4028 


650311 


65-6594 


21 


65-9736 


66-2870 


66-6012 


66-7916 


67-2930 


67-5444 


67-8585 


68-1727 


68-4868 


68-8010 


21 


22 


69-1152 


69-4293 


69-7435 


700576 


70-3718 


70-6860 


71-0001 


71-3143 


71*6284 


71-9426 


22 


23 


72-2568 


72-5709 


72-8851 


731992 


73-5134 


73-8276 


74-1417 


74-4559 


74-7680 


75-0882 


23 


24 


75*3984 


75-7125 


760267 


76-3408 


76-6523 


76-9692 


77-2833 


77-5975 


77-9116 


78-2258 


24 


25 


78-5400 


78-8541 


791683 


79-4824 


79-7966 


80-8108 


804249 


80-7391 


810532 


81-3674 


25 


26 


81-6816 


82-3099 


82-6240 


82-6240 


82-9382 


83-2524 


83-5665 


83-8807 


84-1948 


84-5090 


26 


27 


84*8232 


851373 


85*4515 


85-7656 


86-0798 


86-3940 


86-7081 


87-0223 


87-3364 


87-6606 


27 


28 


87*9648 


88-2789 


88*5931 


88-9072 


89-2214 


89-5315 


89-8497 


901639 


90-4780 


90-7922 


28 


29 


911064 


91-4205 


91*7347 


92-0488 


92-3630 


92-6772 


92-9913 


93-3055 


93-6196 


93-9338 


29 


30 


94-2480 


94-5621 


94-8763 


951904 


95-5046 


95-8188 


961329 


96-4471 


96-7612 


97-0754 


30 


31 


97-3896 


97-7037 


98-0179 


98-3320 


98-6452 


98-9604 


99-2745 


99-5887 


99-9028 


100-217 


31 


32 


100*531 


100-845 


10M60 


101-474 


101-748 


102102 


102-416 


102-730 


103044 


103-359 


32 


33 


103-673 


103-987 


104-301 


104-615 


104-929 


105-244 


105-558 


105-872 


106-186 


106-500 


33 


34 


106-814 


107-129 


107-427 


107-757 


108-071 


108-385 


108-699 


109-035 


109-308 


109-642 


34 


35 


109-956 


110-270 


110-584 


110-898 


112-213 


111-527 


111-841 


112-155 


112-469 


112-783 


35 


36 


113098 


113-412 


113-726 


114-040 


114-354 


114-668 


114-983 


115-297 


115-611 


115-925 


36 


37 


116-239 


116-553 


116*868 


117-182 


117-496 


117-810 


118-124 


118-438 


118-752 


119-067 


37 


38 


1 19-381 


119-695 


120*009 


120-323 


120-637 


120-952 


121-266 


121-580 


121-894 


122-208 


38 


39 

1 


122-522 



122-837 


123151 
•2 


123-465 


123-779 


124-093 


124-407 


124-722 


125-036 


125-350 


39 

• 


•1 


•3 


•4 


•5 


■6 | 


•7 


•8 ! -9 


Circumferences 





Table of the Circumferences of Circles, advancing by IOths 


(continued). 


■ 

40 










Circumferences 








I 




•0 


•1 


•2 


1 -3 


•4 


•5 


•6 


•7 
127-863 I 


•8 


•9 


40 


125-664 


125-978 


126-292 


126-606 


126-921 


127-235 


127-549 


128177 


128-491 


41 


128-806 


129120 


129-432 


129-748 


130062 


130-376 


130-691 ' 


131-005 


131-319 


131*632 


41 


42 


131-947 


132-261 


132-576 


132*890 


133-204 


133-518 


133-832 


134146 


134-460 


134-775 


42 


43 


135-089. 


135-403 


135-717 


136*033 


136-345 


136-660 


136-974 


137-288 


137*602 


137-916 


43 


44 


138-230 


138-545 


138-859 


139173 


139-487' 


139-801 


140115 


140-430 


140-744 


141-058 


44 


45 


141-372 


141-686 


142-000 


142-314 


142-629 


142-943 


143-257 


143-571 


143-885 


144199 


45 


46 


144-514 


144-828 


145142 


145-456 


145-770 


146-084 


146-399 


146-713 


147027 


147-341 


46 


47 


147-655 


147-969 


148-284 


148-598 


148-912 


149-226 


149-536 


149-854 


150-168 


150*483 


47 


48 


150-797 


151111 


151-425 


151-739 


152-053 


152-368 


152-682 


152-996 


153-310 


153-624 


48 


49 


153-938 


154-253 


154-567 


154-881 


155195 


155-509 


155-823 


156-138 


156-452 


156-756 


49 


50 


157-080 


157-394 


157-708 


158022 


158-337 


158-651 


158-965 


159-279 


159-593 


159-907 50 


51 


160-222 


160-536 


160-850 


161164 


161-478 


161-792 


162107 


162-421 


162-734 


163-049 


51 


52 


163-363 


163-677 


163-994 


164-306 


164-620 


164-934 


165-248 


165-562 


165-876 


166191 


52 


63 


166-505 


166-819 


167133 


167-447 


167-761 


168076 


168*390 


168-705 


169-018 


169-332 


53 


54 


169-646 


169-961 


170-275 


170-589 


170-903 


171*217 


171-531 


171-846 


172160 


172-474 


54 


55 


172-788 


173102 


173-416 


173-730 


174045 


174-359 


174-673 


174-977 


175-309 


175-615 55 


56 


175-930 


176-244 


176-658 


176-872 


177186 


177-500 


177-815 


178129 


178-443 


178-757 56 


57 


179-071 


179-385 


179-700 


180-014 


180-328 


180-642 


180*956 


181-280 


181-584 


181-899 57 


58 


182-213 


182-527 


182-841 


183155 


183-469 


183-784 


184-098 


184-412 


184-726 


185040 58 


59 


185-354 


185-669 


185-983 


186-270 


186-611 


186-925 


187-239 


187-554 


187-868 
•8 


188-182 


59 
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1 


•2 


•3 


•4 


•5 
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•7 


•9 
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Table of the Circumferences of Circles, advancing by IOths (continued). 1 
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•1 


2 


* 


•4 


•5 

190067 


•6 

~190 : 38r 


•7 


•8 


-9 1 


o 


188-496 


188-310 


189124 


189-438 


189-753 


190*695 


191-009 191-323 


60 


61 


191-638 


191-952 


192-266 


192-580 


192-894 


193-208 


193-523 


193-837 


194151 194-465 


61 


62 


194-779 


195093 


195-408 


195-722 


196-036 


196-350 


196-664 


196-978 


197-292 


197-607 


62 


63 


197-921 


198-235 


198-549 


198-863 


199177 


199-492 


199-806 


200-120 


200-434 


200-748 


63 


64 


201-062 


201-377 


201-691 


202005 


202-319 


202-633 


202-947 


203-262 


203-576 i 203-890 64 


65 


204-204 


204-518 


204-832 


205146 


205-461 


205-775 


206089 


206-403 


206-717 


207031 


65 


66 


207-346 


207-660 


207-974 


208-288 


208-602 


208-916 


209-231 


209-545 


209-859 


210173 66 


67 


210487 


210-801 


211116 


211-430 


211-744 


212-058 


212-372 


212-686 


213000 


213-315 j 67 


68 


213629 


213-943 


214-257 


214-571 


214-885 


215-200 


215-514 


215-828 


216142 


216-456 68 


69 


216-770 


217085 


217-399 


217-713 


218-027 


218-341 


218-655 


218-970 


219-284 


219-598 


69 


70 


219-912 


220*226 


220-540 


220-854 


221169 


221-483 


221-797 


222111 


222-425 222-739 


70 


71 


223054 


223-368 


223-682 


223-996 


224-310 


224-624 


224-939 


225-253 


225-567 


225-881 


71 


72 


226195 


226-509 


226-824 


227-138 


227-452 


227-766 


228080 


228-394 


228-708 


229-023 


72 


73 


229-337 


229-651 


229-965 


230-279 


230-593 


230-908 


231-222 


231*536 


231-850 


232164 73 


74 


232-478 


232-793 


233107 


233-421 


233-735 


234-049 


234-363 


234-678 


234-992 


235-306 


74 


75 


235-620 


235-934 


236-248 


236-562 


236-877 


237191 


237-505 


237-819 


| 2381 33 


238-447 


75 


76 


238-762 


239076 


239-390 


239-704 


240-018 


240*332 


240-647 


240-961 


241-275 


241-599 


76 


77 


241-903 


242-217 


242-532 


242-846 


243160 


243-474 


243-788 


244-102 


244-416 


244-731 


77 


78 


245045 


245-359 


245-673 


245-987 


246-301 


246-616 


246-930 


247-244 


247-548 


247-872 


78 


79 

i 


248-186 


248-501 


248-815 


249-129 


249-443 


249-757 


250071 


250-386 


250-700 | 251-014 
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Table of the Circumferences of Circles, advancing bt IOths (concluded). 
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Circumferences 
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•2 


•3 
252-270 


•4 


•5 


•6 


•7 


•8 


•9 




80 


251-328 


251-624 


251-956 


252-585 


252-899 


253-213 


253-527 


253-841 


254155 


80 


81 


254-470 


254-784 


255-098 


255-412 


255-726 


256040 


256-355 


256-669 


256-983 


257-297 


81 


82 


257-611 


257-925 


258-240 


258-554 


258-865 


259182 


259*496 


259-810 


260-124 


260-439 82 


83 


260-753 


261-067 


261-381 


261-695 


262009 


262-324 


262-638 


262-952 


263-264 


263-580 


83 


84 


263*894 


264-209 


264-523 


264-837 


235-151 


265-465 


265-779 


266-094 


266-408 


266-722 84 


85 


267036 


267-350 


267-664 


267-978 


268-293 


268-607 


268-921 


269-235 


269-549 


269*863 


85 


86 


270178 


270-492 


270-806 


271-120 


271-434 


271-748 


272067 


272-377 


272-691 


273005 


86 


87 


273-319 


273-633 


273-988 


274-262 


274-576 


274-890 


275-204 


276-518 


275-832 


276147 


87 


88 


276-461 


276-775 


277-089 


277-403 


277-717 


278-032 


278-346 


278-660 


278-975 


279-288 


88 


89 


279-602 


279-917 


280-231 


280-545 


280-859 


281-173 


281-487 


281*883 


282-116 


282-430 


89 


90 


282-744 


283-058 


283-372 


283-686 


284-001 


284-315 


284-629 


284-943 


285-257 


285-571 


90 


91 


285-886 


286-200 


286-514 


286-829 


287-142 


287-456 


287-771 


288*085 


288-399 


288-713 


91 


92 


289-027 


289-341 


289-656 


289-970 


290-284 


290-598 


290-912 


291-226 


291-540 


291-855 


92 


93 


292169 


292-483 


292-797 


293111 


293-425 


293-740 


294054 


294-368 


294-682 


294-996 


93 


94 


295-310 


295-625 


295-939 


296-244 


296-567 


296-881 


297*195 


297-510 


297-824 


298-138 


94 


95 


298-452 


298-766 


299-072 


299-394 


299-709 


300023 


300-337 


300-651 


300-965 


301-279 


95 


96 


301-594 


301-908 


302-222 


302-536 


302-850 


303164 


303-479 


303-793 


304107 


304-421 


96 


97 


304-735 


305-049 


305-364 


305-678 


305-992 


306-306 


306-620 


306-936 


307-248 


307-563 97 


98 


307-877 


308-191 


308-505 


308-819 


309-133 


309-448 


309-762 


310-076 


310-396 


310-704 98 


99 

i 
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311-018 


311-333 


311-647 


311-961 

l~~" '3 


312-275 
■4 


312-589 


312-903 


313-218 


313-512 


313-846 
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Table op 


the Areas of Circles, advancing : 


BT 10TH8. 
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s 

5 



•o 

•0000 


•1 
•0078 


■2 


■3 


•4 


•5 
•1963 


■6 

■2827 


•7 
•3848 


•8 | 


•9 





•0314 


•0706 


•1256 


•5020 


•6361 


1 


•7854 


•9503 


11309 


1-3273 


1-5393 


1-7671 


2-0106 


2-2698 


2-5446 


2-8352 


1 


2 


31416 


3-4636 


3-8013 


4-1547 


4-5239 


4-9087 


53093 


5-7255 


6-1575 


6*6052 


2 


3 


70686 


7-5476 


80424 


8*5530 


90792 


9-6211 


101787 


10-7521 


11-3411 


11-9459 


3 


4 


12-5664 


13-2025 


13-8544 


14-5220 


15-2053 


15-9043 


16-6190 


17-3494 


18-0956 


18-8574 


4 


5 


19-6350 


20-4282 


21-2372 


22-0618 


22-9022 


23-7583 


24-6301 


25-5176 


26*4208 


27-3397 


5 


6 


28-2744 


29-2247 


301907 


311725 


32-1699 


331831 


34-2120 


35-2566 


36-3168 


37-3928 


6 


7 


38-4846 


39-5920 


40-7151 


41-8539 


43-0085 


44-1787 


45-3647 


46-5663 


47-7837 


49-0168 


7 


8 


50-2656 


51-5300 


52-8102 


541062 


55-4178 


56-7451 


68-0881 


59-4469 


60*8213 


62-2115 


8 


9 


63-6174 


65-0389 


66-4762 


679292 


69-3979 


70-8823 


72-3824 


73-8982 


75-4298 


76-9770 


9 


10 


78-5400 


80-1186 


81-7130 


83-2320 


84-9488 


86-5903 


88*2475 


89-9204 


91-6090 


93-3133 


10 


11 


950334 


96-7691 


98-5205 


100-2877 


1020705 


103-8691 


105-6834 


107-5134 


109-3690 


111-2204 


11 


12 


1130976 


114-9904 


116-8989 


118-8231 


120-7631 


122-7187 


] 24-6901 


126-6771 


128-6799 


130-6984 


12 


L3 


132-7326 


134-7824 


136-8480 


138-9294 


1410264 


143-1391 


145-2675 


147-4117 


149-5715 


151-7471 , 13 


14 


153-9384 


1561453 


158-3680 


160-6064 


162-8605 


1651303 


167-4158 


169-7170 


172-0340 


174-3666 14 


15 


176-7150 


1790790 


181-4588 


183*8542 


186-2654 


188-6923 


1911349 


193-5932 


1960672 


198-5569 


15 


16 


2010624 


203-5835 


206-1209 


208-6723 


2111411 


213-8251 


216-4248 


219-0402 


221-6712 


224-3189 


16 


17 


226-9086 


229-6588 


232-3527 


2350623 


237-7877 


240-5287 


243-2855 


246-0579 


248-8461 


251-6500 


17 


18 


254-4696 


257-3048 


260-1558 


263-0226 


265-9050 


268-8031 


271-7169 


274-6465 


277-5917 


280-5527 | 18 


19 

§ 

s 


283-5294 


286-5217 


289-5298 


292-5536 


295-5931 


298*6483 


301-7192 


304-8060 


307-9082 


311-0252 
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Table of the Areas of Circles, advancing by IOths (continued). 
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s 
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eS 

5_ 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 



Areas 



•0 



3141600 
3463614 
3801336 
415-47661 
452-3904 
490-8750 
530*9304 
572-55661 
615-7536, 
660*5214, 
706-8600) 
754-7694 
804-2496 
855-3006. 
907*9224' 
9621150, 
1017-878 
1075-213 | 
1134-118 i 
1194-539 



P 



317-3094 
349-6679 
383-5972 
419-0972 
456-1681 
494-8098 
535*0223 
576-8056, 
6201596, 
665-0845 
711-5802, 
759-6467, 
809-2840 
860-4920 
913-2709 
967-6206 
1023-541 
1081-032 
1140095 
1200-727 







320-4746 
352-9901 
387-0765 
422-7336 
459-9616 
498-7604 
539-1299 
5810703 
624-5814 
669*6634 
716-3162 
764*5397 
814-3341 
865*6992 
918-6352 
973-1420 
1029-220 
1086-868 
1146-087 
1206-877 



323-6554 
356-3281 
390-5751 
426-3858 
463-7708 
502-7266 
543-2533 
585-3507 
629*0190 
674*2580 
721*0678 
769*4485 
819-3999 
870-9222 
924-0115; 
978-6790 
1034-913 I 
1092-719 , 
1152095 
1213-042 | 



•6 



326-8520 
359-6817 
3940823 
4300536 
467-5957 
606-7086 
547-3923 
589-6469 
633-4722 
678-8683 
725-8352| 
774*3729! 
824-4815, 
876-1608 
929-4109, 
984-2318' 
1040-624 ! 
1098-586 
1158-119 j 
1219-224 



3300643. 
363-0511 1 
397-60871 
433-7371. 
471-4363; 
510-7063 
551-547H 
593-9587| 
637-9411 
683-4943 
730*6183; 
779-3131! 
829*57871 
881-41511 
934-8223 
989-8003 
1046-349 
1104-469 
1164-159 
1225-420 



333-2923 
366-4362 
401-1509 
437-4363 
475-2926 
514-7196 
555-7176 
598-2863| 
642-42571 
688-1360 
735*417l| 
784*2689| 
834-6917. 
886*6851 ' 
940-2494' 
995-3845 

1052*090 ! 

1110*367 ' 

1170-215 ; 

1231-633 , 



336-3360 

369-8370 

404-7087 

441-1511 

479-1646 

518-7488 

559*9038 

602*6295 

646-9261 

692-7934 

740*2316 

789-2406 

839*8203 

891*9709 

945*6922 

1000-984 

1057-8474 

1116-281 

1176-286 

1237-861 



•8 



339-7954 
373-2534 
408-2823 
444-8819 
4830524 
622-7936 
564-1056 
606-9885 
651*4421 
697-4666 
745-061 8 
794-2278 
844-9647 
897*2723 
951-1508 
1006-600 
1063-620 
1122-211 
1182-373 
1244121 



343-0705, 20 
376-6856, 21 
411-8716 22 
448-6283 23 
486-9558 24 
526-8541 25 
568*3232 26 
611-3632 27 
655-9739 1 28 
70215541 29 
749-9077, 30 
799-2308 1 31 
85012481 32 
902-5895 33 



•8 



956-6250 
1012-231 
1069-408 
1128*156 
1188-465 
1250-365 
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Table of the Areas of Circles, advancing by IOths (continued). 
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40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
61 
52 
53 
54 
55 
56 
57 
58 
59 
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44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
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1256-640 
1320257 
1385-446 
1452-205 
1520-534 
1590*435 
1661*906 
1734-949 
1809-562 
1885-745 
1963-500 
2042-825 
2123-722 
2206-189 
2290-226 
2375-835 
2463014 
2551-765 
2642-086 
2733-977 



1262-931 
1326-706 
1392-051 
1458-967 
1 527-454 
1597-511 
1669-140 
1742-339 
1817-109 
1893-450 
1971-362 
2050844 
2131-898 
2214-522 
2298-717 
2384-482 
2471-819 
2560-726 
2651-205 
2743-253 







1269-239 
1333169 
1398-672 
1465-745 
1534-389 
1604-604 
1676-389 
1749-746 
1824-673 
1901-171 
1979-239 
2058-878 
2140-089 
2222-870 
2307-222 
2393145 
2480-639 
2569-703 
2660-338 
2752-544 



1275-560 
1339-649 
1405-308 
1472-539 
1541-340 
1611-711 
1683*654 
1757-168 
1832-252 
1908-907 
1987133 
2066-929 
2148-297 
2231-235 
2315-744 
2401-824 
2489-475 
2578-696 
2669-488 
2761-851 



•3 



1281-898 
1346144 
1411-961 
1479-348 
1548-306 
1618*835 
1690-935 
1764-605 
1839-847 
1916-659 
1995042 
2074-995 
2156-520 
2239-615 
2324-281 
2410-518 
2498-326 
2587-705 
2678-654 
2771174 



1288-252 
1352*655 
1418-629 
1486-173 
1555-288 
1626-974 
1698-231 
1772-059 
1847-457 
1924-426 
2002-966 
2083*077 
2164-759 
2248-011 
2332-834 
2419-228 
2507-193 
2596-729 
2687-835 
2780-512 



1294*622 
1359-182 
1425-313 
1493*014 
1562-286 
1633129 
1705-543 
1779-528 
1855-083 
1932*210 
2010-907 
2091*176 
2173013 
2256*423 
2341*403 
2427-954 
2516-076 
2605-769 
2697032 
2789-866 



1301-007 
1365-724 
1432*012 
1499*871 
1569-300 
1640-302 
1712-871 
1787-013 
1862-726 
1940-009 
2018-863 
2099-288 
2181-284 
2264-870 
2349-987 
2436*696 
2524-974 
2614-824 
2706-245 
2799-236 
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•8 



1307-408 
1372*282 
1438-727 
1506-743 
1576-329 
1647-486 
1720-214 
1794-513 
1870-383 
1947-823 
2026-835 
2107-417 
2189-570 
2273-293 
2358*588 
2445-453 
2533-889 
2623-896 
2715-473 
2808*622 



■8 



1313-825 
1378-856 
1445-458 
1513-629 
1583-374 
1654-689 
1727-574 
1802-030 
1878-056 
1955-654 
2034-877 
2115-561 
2197*871 
2281-752 
2367-203 
2454-226 
2542*819 
2632*983 
2724-718 
2818*023 
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Table of the Areas of Circles, advancing bt IOths (continued). 


l 


Areas 




a 

CC 

5 

60 
61 
62 
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•4 
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2912-899 
3009-346 
3107*364 
3206*963 
3308113 
3410*843 
3515-143 
3621016 
3728*459 
3837*472 
3948*057 
4060-212 
4173-938 
4289-234 
4406102 
4524-540 
4644*549 
4766129 
4889-280 
5014001 
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60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 


2827*440 
2922-473 
3019-078 
3117*253 
3216*998 
3318-315 
3421*202 
3525-661 
3631-690 
3739-289 
3848-460 
3959-201 
4071-514 
4185-397 
4300-850 
4417-875 
4536-470 
4656-637 
4778-374 
4901-681 


2836*873 

2932*063 

3028*824 

3127*156 

3227059 

3328*534 

3431*578 

3536193 

3642-379 

3750136 

3859-495 

3970*362 

4082*833 

4196*871 

4312*482 

4429*664 

4548*416 

4668*740 

4790*634 

4914*099 
_. _^_ _ 


2846-321 2855*785 
2941*669 2957*290 
3038*587 3048*365 
3137-076 3147-011 
3237-136 , 3247*228 
3338*767 334901 6 
3441*963 , 3452*375 
3546-741 3557-304 
3653084 : 3663804 
3760-998 3771-876 
3870-483 ! 3881-517 
3981-538 3992-730 
4094165 , 4105*513 
4208-361 | 4219*868 
4324130 4335*793 
4441*468 ' 4453*289 
4560-379 4572-355 
4680*858 4692-993 
4802-909 , 4815-201 
4926-531 4938*982 


2865*265 
2960-927 
3058159 
3156-966 
3257*337 
3359*281 
3462-797 
3567-884 
3674-541 
3782-769 
3892-568 
4003-937 
4116-879 
4231*390 
4347*472 
4465125 
4584-358 
4705143 
4827*508 
4951-444 

~ *4 


2874-760 
2970*579 
3067*969 
3166*929 
3267*460 
3369*562 
3473-235 
3578-479 
3685-293 
3793-678 
3903-634 
4016*161 
4128-259 
4242-927 
4359166 
4476-976 
4696-357 
4717*309 
4839-831 
4963-924 


2884*262 
2980-247 
3077-794 
3176-912 
3277-600 
3379-859 
3483-689 
3589-090 
3696-006 
3804-603 
3914-716 
4026-400 
4139-652 
4254-480 
4370-877 
4488-844 
4608*382 
4729*490 
4852170 
4976-484 


2893*798 
2989-931 
3087-634 
3186-910 
3287-755 
3390171 
3494-164 
3599-716 
3706-845 
3815-544 
3925-814 
4037*655 
4151-067 
4266049 
4382-603 
4500-727 
4620-422 
4741-688 
4864*524 
4988*931 


2903-341 
2999-630 
3097-492 
3196-924 
3297-926 
3400*499 
3504-643 
3610-358 
3717-644 
3826-500 
3936-927 
4048*925 
4162*494 
4277*634 
4394-345 
4512*626 
4632*478 
4753-961 
4876*897 
5001-459 


•0 


•2 i -3 


•5 J 


•6 


•7 


. -8 


Areas 



TABLE XLI. (continued). 
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Table of the Areas op Circles, advancing by IOths (concluded). 


Q 


Areas 


1 

Q 

80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

i 

3 

Q 


I 1 


•2 


•3 


•4 


•5 


•6 


•7 


•8 

5127-594 
5255-300 
5384-576 
5515-424 
5647*843 
5781*832 
5917-392 
6054*515 
6193-225 
6333-497 
6475-340 
6618*764 
6763*739 
6910-295 
7058-418 
7208118 
7359-386 
7512-225 
7666-635 
7822-615 


•9 


80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 


5026-560 
5153-009 
5281-030 
5410-621 
5541-702 
5674-515 
5808*818 
5944-693 
6082-138 
6221-153 
6361-740 
6503-897 
6647-626 
6792-925 
6939-794 
7088-235 
i 7238-246 
1 7389-829 
' 7542-982 
! 7697-705 


5039-134 
5165-741 
5293-918 
5423-666 
5554-985 
5687-875 
5822-335 
5958-364 
6095-968 
6235-141 
6375-885 
6518-200 
6662-085 
6807-541 
6954-568 
7103165 
7253-334 
7405073 
7558-383 
7713*264 


5051-724 
6178-488 
5306-822 
5436-727 
5568-203 
5701-250 
5835-868 
5972056 
6109*815 
6249145 
6390046 
6532-517 
6676-560 
6822173 
6969-357 
7118-112 
7268-437 
7420-334 
7573-801 
7728-839 


5064-330 
5191-251 
5319-744 
5449-804 
5581-437 
5714-641 
5849-416 
5985-769 
6123-677 
6263164 
6404-222 
6546*891 
6691016 
6836-821 
6984-161 
7133073 
7283-556 
7435-610 
7589-234 
7744-429 


5076-955 
5204029 
5332-678 
5462-897 
5594-687 
5728-048 
5862-980 
5999-482 
6137-655 
6277-200 
6418-414 
6561-208 
6705-557 
6851-484 
6998-982 
7148051 
7298-691 
7450-901 
7604-683 
7760-035 


5089-588 
5216-823 
5345-629 
5476005 
5607-952 
5741-470 
5876-559 
6013-219 
6151-449 
6291-204 
6432*622 
6575-565 
6720-079 
6866163 
7013-818 
7163-044 
7313-841 
7466-209 
7620147 
7775-656 


5102-241 
5229-633 
5358*596 
5489-129 
5621-233 
5754*909 
5890*154 
6026*971 
6165*359 
6305*317 
6446*844 
6589-946 
6734-617 
6880-858 
7028*670 
7178*053 
7329007 
7481532 
, 7635-627 
7791-294 

•6 


5114-910 
5242-459 
5371-598 
5502-269 
5634-568 
5768*362 
5903-765 
6040-739 
6179-284 
6319-399 
6461-085 
6604-322 
6749-170 
6895-569 
7043-503 
7193-078 
7344-189 
7496-871 
7651*193 
7806-947 

•7 


5140-294 
5268-157 
5397-591 
5528-596 
5661171 
5795-317 
5931*034 
6068-322 
6207*181 
6347-681 
6489*611 
6633182 
6778-324 
6925037 
7073-320 
7223-175 
7374-600 
7527-596 
7682162 
7838-300 


i 


•0 


1 


•2 | -3 


•4 1 -5 


•8 


•9 


Areas 
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TABLE XLIL 



Table of the Circumferences of Circles, advancing by 12ths. 


hi 

1 

Q 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

T 


Circumferences 


• 
hi 

1 

o 


1 

2. 
3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

• 

Q 





A 


T3 


T3 


4 

15 


5 

Til 

1-3090 
4-4506 
7-5922 
10-7338 
13-8754 
17-0170 
201586 
23-3002 
26-4418 
29-5834 
32-7250 
35-8666 
390082 
42-1498 
45-2914 
48-4330 
51-5746 
54-7162 
57-8578 
60-9994 


6 
12 

1-5708 
4-7124 
7-8540 
10-9956 
14-1372 
17-2788 
20*4204 
23-5620 
26*7036 
29-8452 
32-9868 
361284 
39-2700 
42-4116 
45-5532 
48-6948 
51-8364 
54*9780 
58-1196 
61-2612 


T 

15 

1-8326 
4-9742 
8-1158 
11-2574 
14-3990 
17-5406 
20-6822 
23-8238 
26-9654 
30-1070 
32-2486 
36-3902 
39*5318 
42*6734 
45-8150 
48*9566 
520982 
55-2398 
58-3814 
61-6230 


8 

Ta 


__3 
2-3562 
6-4978 
8-6394 
11-7810 
14-9226 
18*0642 
21-2058 
24-3474 
27-4890 
30-6306 
33-7722 
36*9138 
400554 
43-1970 
46-3386 
49-4802 
52-6218 
55*7634 
58-9050 
62-0466 


T? 


a 


•00000 
31416 
6*2832 
9-4248 
12-5664 
15-7080 
18-8496 
21-9912 
251328 
28-2744 
31-4160 
34-5576 
37-6992 
40-8408 
43-9824 
471240 
50-2656 
53-4072 
56-5488 
59-6904 


•26180 
3-4034 
6-5450 
9-6866 
12-8282 
15-9698 
19-1114 
22-2530 
25-3946 
28-5362 
31*6778 
34*8194 
37*9610 
41*1026 
44-2442 
47-3858 
50-5274 
53-6690 
56-8106 
59-9522 


■52360 
3*6652 
6-8068 
9-9484 
130900 
16-2316 
19*3732 
22-5148 
25-6564 
28-7980 
31-9396 
350812 
38-2228 
41*3644 
44-5060 
47-6476 
50-7892 
53-9308 
570724 
60-2140 


•78540 
3-9270 
70686 
10-2102 
13-3518 
16*4934 
19-6350 
22-7766 
25-9182 
29*0598 
32-2014 
35-3430 
38-4846 
41-6262 
44*7678 
47-9094 
51-0510 
54-1926 
57-3342 
60-4758 


1-0472 
4-1888 
7*3304 
10-4720 
13-6136 
16*7552 
19-8968 
230384 
26-1800 
29-3216 
32-4632 
35-6048 
38-7464 
41-8880 
450296 
481712 
51-3128 
54-4544 
57-5960 
60-7376 


20944 
5-2360 
8-3776 
11-5192 
14-6608 
17-8024 
20-9440 
24-0866 
27-2272 
30-3688 
33-5104 
36-6520 
39-7936 
42-9352 
46-0678 
49-2184 
52-3600 
55-5016 
58-6432 
61-7848 


2-6180 
5-7596 
8-9012 
12*0428 
15*1844 
18*3260 
21-4676 
24-6092 
27-7508 
30*8924 
34*0340 
37*1756 
40-3172 
43-4588 
46-6004 
49-7420 
52-8836 
56*0252 
59-1668 
62-3084 


2-8798 
60214 
91630 
12-3046 
15*4462 
18-5878 
21-7294 
24-8710 
280126 
311542 
34-2958 
34-4374 
40-5790 
43-7206 
46-8622 
500038 
531454 
56-2870 
59-4286 
62-5702 


1 A 


3 

72 


T3 


A 


A 


a 
T5 


T 

Ta 


8 

T3 


9 

Ta 


±2 
T5 


li 


Circumferences 
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TABLE XLII. (continued). 



Table of the Circumferences of Circles, advancing by 12ths (concluded). 



20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 



35 
36 
37 
38 
39 



Circumferences 



A & 



4 



62-8320 
65-9736 
69-1152 
72-2568 
75-3984 
78-5400 
81-6816 
84-8232 
87-9648 
91-1064 
94-2480 
97-3896 
100-531 
103-673 



34 ; 106-814 



1109-956 
113098 
116-239 
119-381 
122-522 







63-0938 
66-2354 
69-3770 
(72-5186 
176-6602 
78-8018 
81-9434 
85-0850 
88-2266 
91-3682 
94-5098 
97-6514 
100-793 
103-935 
107-076 
110*218 
113-359 
116-501 
119-643 
122-784 



63-3556 

,66-4972 

69-6388 

;72-7804 

75-9220 

79-0636 

82-2052 

85-3468 

88-4884 

91-6300 

94-7716 

97-9132 

101-055 

|104196 

! 107-338 

(11O480 

113-621 

116-763 

1 1 ri -904 

123046 



i 



i 

12 



63-6174 
66-7590 
69-9006 
730422 
176-1838 
179-3254 
82-4670 
85-6086 
88-7502 
91-8918 
950334 
.98-1750 
,101-317 
,104-458 
,107-600 
.110-741 
|ll3-883 
1117-025 
120-166 
123-308 



3 
T3 



638792 
670208 
,70-1624 
73-3040 
176-4456 
79-5872 
82-7288 
85-8704 
189-0120 
,921536 
95-2952 
98*4368 
1101-578 
104-720 
! 107-862 
111003 
,114145 
117-286 
120-428 
123-570 

4 



6 

T5 



e 
T5 



641410 
67-2826 
704242 
73-5658 
76-7074 
79-8490 
82-9906 
861322 
89-2738 
92-4154 
95-5570 
98-6986 
101-840 
104-982 
108123 
111-265 
114-407 
1117-548 
1120-690 
,123-831 



64-4028 
67-5444 
70-6860 
73-8276 
76-9692 
80-1108 
83-2524 
,86-3940 
'89-5356 
192-6772 
'95-8186 
98-9604 
j 102 -102 
105-244 
108-385 
111-527 
114-668 
117-810 
,120 952 
124093 



TS 



' 7 

TS 

64-6646 
67-8062 
70-9478 
740894 
77-2310 
80-3726 
83-5142 
86-6558 
89-7974 
92-9390 
1960806 
|99-2222 
102-364 
105-505 
108*647 
111-789 
114-930 
118-072 
121-213 
124-355 



e 

12 



64-9264 

68*0680 
71-2096 
74-3512 
77-4928 
80-6344 
83-7760 
86-9176 
90-0592 
93-2008 
96-3424 
99-4840 
102-626 
105-767 
108-909 
112050 
115192 
118-334 
121-475 
124-617 



7 

15 



8 

T3 



651882 
68-3298 
71-4714 
74-6130 
77-7546 
80-8962 
840378 
87-1794 
90-3210 
93-4626 
96-6042 
99-7458 
102-887 
106-029 
109-171 
112-312 
115-454 
118-595 
121-737 
124-879 



9 

TS 



10 

T5 



65-4500 
68-5916 
71-7332 
74-8748 
78-0164 
81-1580 
84*2996 
87-4412 
90-5828 
93-7244 
96-8660 
100-008 
103149 
106-291 
109-432 
112-574 
115-776 
118-867 
121-999 
125*140 



II 



ti 



65-7118 

68-8534 

71-9950 

751366 

78-2782 

81-4198 

84-5614 

87-7030 

90-8446 

93-9862 

92-1278 

100-269 

103-411 

106-553 

109-694 

112-836 i 

115-977 

119119 

122-261 

125-402 



it 



Circumferences 



(Reproduced by permission from Mackrow's " Naval Architects' Pocket-book.") 



mm 

I 



20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 



TABLE XLTII. 



Table of the Areas of Circles, advancing by 12ths. 



I 

o 


1 
2 
3 
4 
5 
6 
7 
8 
9 



Areas 





•0000 

•7854 

31416 

7-0686 

12 5664 

1 9-6350 

28-2743 

38-4846 

50-2655 

63-6173 



10 78-5398 



11 
12 
13 
14 
15 



950332 



113097 
132-732 
153-938 
176-715 

16 201-062 

17 J226-980 

18 254-469 

19 283-529 







i 

__T2 

•0056 
•9218 
3-4088 
7-4667 
130954 
20-2949 
290652 
39-4063 
51-3181 
64-8008 
79-8543 
96-4785 
114-674 
134-439 
155-776 
178-684 
203162 
229-211 
256-831 
286021 



i 

TI 



2 
11 

•0218 
1-0690 
3-6870 
7-8758 
13-6354 
20-9658 
29-8669 
40-3389 
52-3817 
65-9953 
8M796 
97-9348 
116-261 
136-158 
157-625 
180-663 
205-273 
231-453 
259-203 
288-525 



2 
12 



_3_ 

12 

■0491 
1-2272 
3-9761 
8-2958 
141863 
21-6475 
30-6796 
41-2825 
53-4562 
67-2006 
82-5159 
99-4020 
117-859 
137-887 
159-485 
182-654 
207-394 
233-705 
261-587 
291-039 



4 

T5 

"-0873 

1-3963 

4-2761 

8-7266 

14-7480 

22-3402 

31-5032 

42-2370 

54-5415 

68-4169 

83-8631 

100-880 

1119-468 

139-626 

161-356 

184-656 

209-527 

235-969 

263-981 

293-564 



n 
T5 



4 
12 



_T5 

•1364 
1-5763 
4-5869 
9-1684 
15-3207 
23-0438 
32-3377 
43-2024 
55-6378 
69-6441 
85-2212 
102-369 
121-088 
141-377 
163-237 
186-663 
211-670 
238-243 
266-386 
296-111 



it 
T5 



•1963 

1-7671 

4-9087 

9-6211 

15-9043 

23-7683 

331831 

44-1786 

56-7450 

70-8822 

86-5901 

103-869 

122-719 

143139 

165130 

188-692 

213-825 

240-528 

268-803 

298-648 



T5 



A 

T3" 



7 

13 _ 

•2673 

1-9689 

5-2414 

10-0847 

16-4988 

24-4837 

340394 

45-1658 

57-8631 

721312 

87-9700 

106-380 

124-360 

144-911 

167034 

1190-726 

,215-990 

242-824 

271-230 

301-200 



7 

T3 



9 

Ta" 



•3491 

2-1817 

5-5851 

10-5592 

171042 

25-2200 

34-9066 

461640 

58-9921 

73-3911 

89-3609 

106-901 

126-013 

146-695 

168-948 

192-772 

218-166 

245132 

273-668 

303-775 



Ta 



e 
la" 



•4418 
2-4053 
5*9396 
11-0447 
17-7205 
25-9672 
35-7847 
471730 
601320 
74-6619 
90-7626 
108-434 
127-676 
148-489 
170-873 
194-828 
220-353 
247-450 
276-117 
306-354 



• 

T2 



tf 



•5454 

2-6398 

6-3050 

11-5410 

1 18-3478 

26-7254 

36-6737 

481929 

61-2829 

75-9436 

92-1752 

109-978 

129-351 

150-295 

172-809 

1196-895 

222-551 

: 249-778 

,278-576 

308-945 



i*» 
Ta- 



li 
Ta 



•6600 

2-8852 ' 

6-6813 

12-0482 

18-9859 

27-4944 

37-5737 

1 49-2237 

'62-4446 

,77-2363 

193-5987 

111-632 

131-036 

152-111 

174-757 

198-973 

224-760 

252-118 

[281-047 

311-547 



T 




1 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 



ti 



Areas 



I 



TABLE XLIII. (continued). 
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39 



Table of the Areas of Circlbs, advancing by 12ths (concluded). 



Areas 







20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 1134-11 



314169 
346-361 
380-133 
415-476 
452-389 
490-874 
530-929 
,572-555 
615-752 
660-520 
706-858 
754-768 
804-248 
855-299 
907-920 
962113 
1017-88 
1075-21 



1194-59 







ft 



9 



ft 



316-783 
349115 
383018 
418-492 
455-536 
494152 
534-338 
576095 
619-423 
664-321 
710-791 
J758831 
808-442 
859*624 
1912-376 
966-700 
,1022-59 
U080-06 
113909 
1199-70 



;319-417 
351-880 
385-914 
421-519 
458-694 
497-441 
537-758 
579-646 
623104 
668134 
714-734 
762-905 
812-647 
863-960 
916-843 
971-298 
1027-32 
1084-92 
1144-09 
1204-82 



|322062 
354-656 
1388-821 
'424-557 
461-863 
500-740 
541-188 
583-207 
626-797 
671-957 
718-688 
766-990 
816-863 
868-307 
921-321 
975-906 
103206 
1089-79 
114909 
1209-96 



4 

T5 



9 

Tff 



324-719 
357*443 
391-739 
427-606 
J465-043 
504051 
: 544-630 
586-780 
630-500 
675-792 
,722-654 
771-087 
,821-090 
872-665 
925-810 
980-526 
1036*81 
1094-67 
115410 
121510 



3 

T3 



_*_ 

327-386 
360-241 
394-668 
430-665 
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(Reproduced by permission from Mackroto'j "Naval Architects' Pocket-book.") 
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Table of the Areas of the Segments of a Circle, 
the Diameter beino Unity (oontinned). 
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TABLE XLV. (continued). 




2158 
2164 
2156 
2156 
2157 
2158 
2169 
2160 
2161 
2162 
2168 
2164 
2166 
2166 
2167 
2168 
2160 
2170 
2171 
2172 
2178 
2174 
2175 
2176 
2177 
2178 
2179 
2180 
2181 
2182 
2188 
2184 
2186 
2186 
2187 
2188 
2189 
2190 
2191 
2192 
2198 
2194 
2196 
2196 
2197 
2198 
2199 
2200 
2201 



Square 



4 68 54 09 
4 68 97 16 
4 64 40 26 
464 88 86 
4 66 26 40 
4 66 69 64 
4 66 12 81 
4 66 66 00 
4 66 99 21 
4 67 42 44 
4 67 86 69 
4 69 28 96 
4 68 72 26 
4 69 15 66 
4 69 68 89 
4 70 02 24 
4 70 45 61 
4 70 89 00 
4 71 82 41 
4 71 76 84 
72 19 29 
72 62 76 
78 06 25 
78 49 76 

78 98 29 
4 74 86 84 
4 74 80 41 

75 24 00 

75 67 61 

76 11 24 
76 54 89 

76 98 5) 

77 42 25 
77 86 96 

4 78 29 69 
4 78 78 44 

79 17 21 

79 6100 
CO 04 81 

80 48 61 

80 92 49 

81 86 86 
8180 26 

82 24 16 
82 68 09 
8812 04 

4 88 56 01 
4 84 00 00 
4 84 44 01 



Cube 



4 
4 
4 
4 
4 



4 
4 

4 
4 
4 

4 
4 



4 

4 
4 

4 
4 
4 
4 
4 
4 
4 



9 980 
9 998 
10 007 
10 021 
10 085 
10 049 
10 068 
10 077 
10 091 
10106 
10119 
10188 
10147 
10161 
10175 
10190 
10 204 
10 218 
10 282 
10 246 
10 260 
10 274 
10 289 
10 808 
10 817 
10 881 
10 845 
10 860 
10 874 
10 888 
10 408 
10 417 
10 481 
10 446 
10 460 
10 474 
10 489 
10 608 
10 517 
10 682 
10 646 
10 661 
10 575 
10 590 
10 604 
10 618 
10 688 
10 618 
10 602 



085 577 
948 264 
878 875 
812 416 
768 898 
728 812 
705 679 
696 000 
699 281 
715 628 
744 747 
786 944 
842126 
910 296 
991468 

086 682 
192 809 
818 000 
446 211 
692 448 
751 717 
924 024 
109 875 
807 776 
619 288 
748 762 
981889 
282 000 
496 741 
772 668 
062 487 
866 604 
681625 
010 856 
858 208 
708 672 
077 269 
469 000 
868 871 
261888 
688 067 
117 884 
664 876 
026 686 
499 878 
986 892 
486 699 
000 000 
5*6 601 



Square Root 



46-4004810 
46-4112055 
46-4219775 
46-4827471 
46-4485141 
46-4542786 
46-4650406 
46*4758002 
46-4865572 
46-4973118 
46-5080688 
46-5188134 
46-5295605 
46-5403051 
46-5510472 
46-5617869 
46-5725241 
46-5832588 
46-5939910 
46-6047208 
46-6154481 
46-6261729 
46-6868953 
46-6476152 
46-6583826 
46-6G90476 
46-6797601 
46*6904701 
46-7011777 
46-7118829 
46-7225855 
46-7882858 
46-7439836 
46-7546789 
46-7653718 
46-7760623 

46-7867503 
46-7974358 
46-8081189 
46-8187996 
46-8294779 
46-8401537 
46*8508271 
46-8614981 
46-8721666 
46-8828327 
46-8984963 
469041576 
46-9148164 



Cube Root 



Reciprocal 



12-9126291 
12*9146279 
12*9166262 
12*9186238 
12-9206208 
12-9226172 
12-9246129 
12-9266081 
12-9286027 
12-9305966 
12-9325899 
12-9345827 
12-9865747 
12-9885662 
12-9405570 
12-9425472 
12-9445369 
12-9465259 
12-9485143 
12-9505021 
12-9524893 
12-9544759 
12-9564618 
12-9584472 
12-9604319 
12-9624161 
12-9643996 
12-9663826 
12-9688649 
12-9703466 
12-9728277 
12-9748082 
12-9762881 
12-9782674 
12-9802461 
12-9822242 
12-9842017 
12-9861786 
12-9881549 
12-9901806 
12-9921057 
12*9940802 
12*9960540 
12-9980273 
180000000 
13*0019721 
13-0089436 
13-0059145 
13-0078848 



-0004644682 
•0004642526 
•0004640371 
-0004688219 
-0004636069 
-0004633920 
•0004681774 
-0004629630 
•0004627487 
•0004625847 
•0004623209 
■0004621072 
0004618938 
-0004616805 
•0004614675 
•0004612546 
•0004610420 
•0004608295 
•0004606172 
-0004604052 
•0004601938 
•0004599816 
•0004597701 
•0004595588 
•0004598477 
-0004591868 
•0004589261 
•00045H7156 
•0004585058 
-0004582951 
•0004580852 
•00O4578755 
-0004576659 
•0004574565 
•0004572474 
0004570884 
-0004568296 
•0004566210 
•0004564126 
•0004562044 
0004559964 
•0004557885 
0004555809 
•00O455S784 
•0004551661 
•0004549591 
•0004547522 
■0004545455 
-0004543389 



(Reproduced by pcrmiutonfrtm " Mackroto'i Naval Architect** Pocket-book.") 
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ACCELERATION in a gas engine, 25, 26, 27, 
29 m 

Adjustable cap to small end of connecting rod, 

161, 162 
Arms of flywheel, 187, 196, 198, 199 
Asbestos packing, 115 



BALANCE weights, 79, 80, 81 
Bearings, pressure on the, 87 
Bearings, main, pressure on the, 56 

— — pressure on the, flywheel side, 58 

— — — — side shaft side, 

57 

— pressure on the, 91, 92, 98, 97, 98 

— — — at greatest turning 

moment, 84, 85 

— — — with crank on dead 

point, 83 

— of crank shaft, 70, 101 

— overheating the, 95, 99 

— strength of the, 97 

Bending and twisting moments and Stresses, 86, 

88 
Bending moment, connecting rod, 160 

— stress on flywheel arms, 196 

— — on piston rings, 133, 134, 135 
Blast furnace gas engines, 22 

Bolts, breech end, 115 

— on flywheel, 188, 197 

— — pulley flywheels, 180, 181 

— — the frame, 110 
Bore of the cylinder, 131 
Boss for the piston pin, 187 
Box frame, 122 

— pistons, 125 

Brake horse power in a gas engine, 21 
Brasses of connecting rod, 151, 153 

— of main bearings, 101, 102 
Breech end bolts, 115 

— — of cylinder, 114, 115 
Built up flywheels, 171, 174, 187 
Bursting- of flywheels, 197 



CALCULATION, Ensslin's method of, 96 
— of a double-acting, four- 

cycle engine, 40 
— of a double vis-a-vis four- 

cycle engine, 45 



Calculation of a single - acting four-cycle 

engine, 40 

— — tandem four-cycle engine, 44 

— — twin double-acting four- 

cycle engine, 49 

— — vis-a-vis four-cycle engine, 

42,43 

— of mean temperature in a cylinder, 

144 

— of the crank shaft, 90, 91 

— — flywheel, 166 

— — parts of an engine, 68 
Cap bolts of connecting rod, 152 

— or keep of connecting rod, 151 

— on the bearings, 104 
Centrifugal force in flywheel rim, 186 

— lubricator for crank pin, 78 

— oil ring lubricator, 76, 77 
Check screws and oil grooves, 102 
Clamps for flywheel rims, 191 
Classification of types, 16 

Combined inertia and indicator diagram, 30, 81 
Combustion chamber in a gas engine, 4 

— — temperature diagrams for, 

143, 144 
Comparison of flywheel weights in steam and 

gas engines, 167 

— of gas and steam engines, 178 
Compression in a gas engine, 5, 6 
Connecting rod, the, 150 

— — brasses, 151, 153 

— — cap bolts, 152 

— — cap or keep of, 151 

— — crank pin or big end of, 159 

— — crank shaft bearings, etc., 

dimensions of, 162, 163 

— — dimensions of, 154, 155, 156 

— — marine type, 152, 153, 159, 161 

— — nuts and bolts, 158 

— — rules for constructing the, 150 

— — shaft of, 157, 158, 159 

— — small end, adjustable cap, 16!, 

162 

— — small or piston pin end, 160 

— — stresses, 157, 158, 159 

— — thrust, 55 
Construction of balance weights, 80 
Consumption of fuel in gas engines, 213, 214 

— — steam engines, 218, 214 

— of cooling water, 148 



313 



INDEX. 



Continuous energy diagrams, 41 
Cooling parts at cylinder with water, 145 

— exhaust valve — — 146 

— piston with water, 128, 148 

— water pipes, diameter of, 149 

— — thermal units transmitted to the, 

147 
Cost of anthracite in suction gas plant, 215 

— superheaded steam in a steam engine, 

215 
Cotters for flywheel rims, 189, 190, 194, 195 
Crank circle, development of the, 88 
Crank pin, centrifugal lubrication for, 78 
— — end of connecting rod (or big end), 
159 
Crank pin, forces acting on the, 59, 60, 61, 62 

— lubrication, 75 

— pressure on the, 98 
Crank pit of an engine, 110, 111 
Crank shaft bearings, 70, 101 

— — pressure on the, 54, 55 

— calculation of the, 90, 91 

— dimensions of the, 70, 72, 78, 74, 90, 

91" 

— dimensions of crank web, 75 

— limit of elasticity in, 96 

— oil guard for bearings of, 108, 108 

— of a gas engine, 69 

— strength of the, 82 

— stresses on the, 94 

— webs, pressure on the, 87, 88 
Crank splasher guard, 112 
Crosshead, forces acting on the, 58, 59- 

— or piston pin, 182, 188 
Cycle of work in a gas engine, 8, 17 
Cylinder and frame, 109, 117, 118, 119, 120 

— bore, 181 

— breech end, 114 

— cooling the, with water, 145 

— jacket, 118 

— liner, 113 

— lubrication of the, 129 

— of the engine, 112 

— packing, 115 

— parts to be cooled, 145 

— pressure in the, 123 

— temperatures in the, 142, 143, 146 

— thickness of wall of, 128 



DEGREE of irregularity at full load, 169 
— — light load, 167, 

169 

— — in running gas en- 

gines, 164, 172, 
216 

— uniformity in engines driving 

dynamos, 175 
Depreciation in costs of gas and steam engines, 209 
Determination of the resultant thrust, 57, 58 
Deutz gas engine, 23, 71, 129 
Developed diagrams, 16 

— — double-acting four-cycle en- 

gine, 9 



Developed diagrams, double vis-a-vis four-oycle en- 
gine, 18 

— — single - cylinder four-cycle 

engine, 8, 9 

— — tandem double-acting four- 

cycle engine, 15 

— — tandem four-cycle engine, 12 

— — twin — — 11 

— — twin double-acting four-cycle 

engine, 14 

— — vis-a-vis four-cycle engine, 10 

— — of work, 81 
Development of the crank circle, 38 
Diagram of cooling the piston, 148 

— crank movements, 87 

— dimensions of cylinder and bearings, 

71 

— energy, 36 

— — continuous, 41 

— explosion in a gas engine, 4 

— fluctuations of power in a gas engine, 

164 

— pressures, 82 

— tangential pressure, or turning mo- 

ment, 84, 87, 39, 84, 165, 168 

— work in single-acting four-cycle 

engine, 85 
Diameter of cooling water pipes, 149 

— flywheels and pulleys, 179 

— piston rings, 184 
Dimensions of balance weights, 81 
Dimensions of connecting rod, 154, 155-, 156 

— — crank shaft bear- 

ings, &c, 162, 
168 

— crank shaft, 70, 72, 78, 74, 90, 91 

— crank web, 75 

— cylinder and frame, 116-120 

— flywheel, 182, 183, 184 

— main bearings, 105,' 106, 107 

— Ramsbottom rings, 133 
Double-acting engines, 1 

— four-cycle engines, 2, 8, 9 

— — — developed dia- 

gram, 9 

— — — calculation of 

a, 40 

— — — forces acting on 

the crank- 
pin of, 61 

— two-cycle engines, 2, 8 

— — — forces acting on 

the crank-pin 
of, 62 
Double vis-a-vis four-cyole engine, calculation of 

a, 45 

— — — — developed dia- 

gram, 13 

— — — — turning mo- 

ment dia- 
gram, 45 

Dowels for flywheel rims, 189, 190, 195 

Drip tray for lubricating oil, 111 

Dynamos, degree of uniformity in driving, 175 
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El LECTRIC light and power transmission, 174 
i End of the piston, — convex, 131 
— — — , — flat, 131 
Energy absorbed by the flywheel, 39 

— diagram, 36, 46, 47, 48, 50 

— — continuous, 41 

— of the flywheel, 172 
Ensslin, method of calculation, 96 

— on multiple cranked shafts, 95 
Exhaust of gas engines, utilization of heat in, 

216 

— steam in steam engines, 216 

— Talve, cooling the, 145, 146 
Expansion curve in gas and steam engines, 6 

— of piston, 127, 128 

— in a gas engine, diagram of, 4 



FASTENINGS of flywheel rims, 194 
Fluctuations in the speed of gas engines, 
170 
Flywheel arms, 187, 195, 198, 199 

— — bending and tensile stress on, 196 

— bolts, 188 

— calculation of the, 166, 199 

— combined stress on the, 187 

— comparison of weight of, in steam and 

gas engines, 167 

— energy absorbed by the, 89, 172 
Flywheel keys, feather keys, 201, 202 

— — hollow — 201,202 

— — round — 201, 202 

— — sunk — 200,201,202 

— — tangential keys, 200, 201, 202 

— kinetic energy stored up in the, 170, 

171 

— moment of rotation of the, 173 
Flywheel naves, 197, 200 

— — stresses on, 199 

— rim, clamps for, 191 

— — cross section, 185, 186, 189 
— fastenings, 194 

— — joints, 183 

— — lugs on, 197 

— — shoulder on, for shrunk rings, 192, 

193 

— — shrunk rings for, 192, 193, 200 

— — stresses on, 186, 190, 199 

— — weight of, 165, 198 

— — width of, 184, 198 

— securing to shaft, 200 

— tensile strength of the, 185 

— weight of the, 55, 99, 174, 177 

— work done by the, 171 
Flywheels and pulleys, diameter of, 179 

— built up, 171, 174, 187 

— bursting of, 197 

— cotters for rims of, 189, 190, 194, 195 

— dowels for rims of, 189, 190, 194, 195 

— dimensions of, 182, 183, 184 

— pulley, 178 

— transmission of power in, 178 

— with grooved rims, 187 

— — solid rims, 187 



Forces acting on the crosshead, crank pin, etc., 

53, 59 • 
Four-cycle gas engines, indicator diagram, 7 
— — — working method, 7 
Frame and cylinder of a gas engine, 109, 116, 

117, 118, 119, 120 
Frame, bolts to hold down the, 110 

— load on the, 122 

— strength of the, 121 

— stresses on the, 121, 122 



GAS and steam engines, comparison of, 178 
Gas engine, brake horsepower, 20, 21 

— — compression in a, 5, 6 

— — connecting rod, 150 

— — crank shaft, 69 

— — cycle of work in a, 8, 17 

— — cylinder, 112 

— — double-acting four-cycle, 9 

— — — — two-cycle, 3 

— — exhaust in a, 216 

— — flywheel, 164 

— — four-cycle, 1, 2, 8 

— — — parts of a, 66, 67 

— — frame, 109 

— — governing, 19 

— — indicated horse-power, 20, 21 

— — indicator diagram, 5, 6 

— — inertia of reciprocating parts, 

25 

— — instroke, 8, 25 

— — load on the piston of a, 68, 64, 

99 

— — main bearings of a, 100 

— — mechanical efficiency, 18 

— — out-put of work, 18 

— — outstroke, 8, 25 

— — piston, 124 

— — piston pin, 187 

— — pressure on the piston, 18 

— — quantity or quality governing, 

170 
— rated horse-power, 22 

— — ratio e, 19 

— — stresses in a, 210 

— — subsidiary costs in a, 211 

— — two-cycle, 1, 2, 8 
-— — types, 16, 24 

— — water required to cool a, 147 
Gas engines, blast furnace, 22 

— calculation of the output, 20, 21 

— comparison of weight of flywheel, 

167 

— consumption of fuel in, 213, 214 

— cost of fuel in, 211, 212 

— degree of . irregularity in running, 

164 

— depreciation, 209 

— Deutz, 18, 23 

— Koerting, 2, 3, 28 

— . load in, comparison with steam 

engines, 176 
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Gas engines, main dimensions, 23, 208, 204, 205 

— Nuremberg, 28 

— Oechelhaueser, 2, 8 

— Speed of, 208 

— suction gas, 22 

— Swiderski, 28 

— working costs, 209 

— working method, 1 

Governing of the engine, quantity or quality, 170 
— methods of, in a gas engine, 19 



HIT-AND-MISS governing, 19, 170 
Horse-power, maximum, at 
load, 65 
Housing of bearings, 108 



normal 



INDICATED horse-power in a gas engine, 
20,21 
Indicator diagram, four-cycle gas engine, 7 

— — of a gas engine, 5, 6, 142 

— — — steam engine, 5, 6 
Inertia and indicator combined diagrams, 80, 81 

— diagram, 26, 27, 82 

— of moving parts, 216 

— of reciprocating parts, 25 
Inlet water cooling pipes, 149 
Instroke of a gas engine, 8, 25 



JACKET of the cylinder, 113 
Joint between breech end and liner, 114 
Journals, pressure on the, 87, 89 



KEYS for securing the flywheel, 201, 202 
Kinetic energy stored up in the flywheel, 
170, 171 
Koerting gas engine, 28, 71 



LIDS over oil boxes, 104 
Limit of elasticity in crank shafts, 96 
Liner, cylinder, 113 

— joint ring and stuffing box, 114 

Load, comparison of the, in gas and steam 
engines, 176 

— degree of irregularity at full, 169 

— — — light, 167, 169 

— — — varying, 172 

— normal, maximum horse-power at, 65 

— on a gas engine, 99 

— — • steam engine, 99 

— on the frame, 122 

— — piston, maximum, 162, 163 

— — piston of a gas engine, 68, 64 

— — — — steam engine, 63, 64 

— — — pin, 138 

— — rods, changes of, 29 

— variations in the, in mills and workshops, 

176 
Lubrication, centrifugal oiling ring, 76, 77 
— crank pin, 75 



Lubrication drip tray in crank pit, 111 

— oil fender ring, dimensions of, 75 
— - main bearings, 101 

— of piston, 128 

— — pin, 141 
Lugs on flywheel rims, 197 



MAIN bearing brasses, 101, 102 
— bearings, 100 
Main bearings, cap on the, 104 

— — dimensions of, 105, 106, 107 

— — forces acting on the, 58 

— — lubrication of the, 101 

— — oiling ring on the, 104, 108 

— dimensions of a gas engine, 23, 203, 204, 205 

— — — steam engine, 206, 207 
Marine type of connecting rods, 152, 158, 159, 161 
Mean pressure in a gas engine, 19 
Mechanical efficiency in a gas engine, 18 
Moments, bending and twisting, on journals, 

86-89 
Moment of inertia in the frame, 122 

— rotation of the flywheel, 178 
Motor car engines, weights of, 28 
Movements of heat in the cylinder, 142 



NAVES of flywheels, 197, 200 
Number of piston rings, 135 
Nuremberg gas engine, 28, 71 
Nuts and bolts for connecting rod, 153 



OIL box lids, 104 
Oil fender ring, dimensions of, 75 

— grooves and check screws, 102 

— guard for crank shaft bearing, 108, 108 

— holes, 180 

— pump for lubricating piston and pin, 

129,130 

— splasher guard, 111, 112 
Oiling rings, 100 

Oiling ring in the bearings, 104, 108 

Open-ended pistons, 125 

Outlet water cooling pipes, 149 

Output of a gas engine, calculation of the, 18, 20, 

21 
Outstroke in a gas engine, 8, 25 
Overheating the bearings, 95, 99 



PACKING of the cylinder, 115 
— of liner joint, 114, 115 
Parts of a gas engine, 4, 66, 67, 68 
Piston and piston pin, standard types of, 189, 140 
Piston, body or trunk of, 181 

— boss on the, 137 

— cooling the, 128, 148 

— ends, 181 

— forces acting on the, 53 

— guide, pressure on the, 126, 127 

— lubrication of the, 128, 129 

— maximum load on the, 162, 163 
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Piston, mean pressure on the, 19 

— of a gas engine, 124 

— weight of the, 127 
Piston pin, 126, 127, 187 

— load on the, 138 

— lubrication of the, 129, 180, 141 

— or crosshead, calculation of the, 188 

— position of, 127 

— stiffening rib on the bosses for the, 

137 
Piston rings, 132, 188 

— bending, stress on, 188, 184, 185 

— diameter of, 184 

— number of, 185 

— Bamsbottom, 182, 138 

— Bernhardt on, 185, 186 

— securing the, 136 

— self-adjusting, 182 
Pistons, box, 125 

— open-ended, 125 

— trunk, 124 

Pressure, bending and twisting, on bearings, 87 

— change of, in the rods, 59 

— diagram, 32 

— in a gas engine, 18, 19 

— on bearings, journals, etc., 97, 98 

— — at greatest turning moment, 

84,85 

— — calculation of the, 91, 92, 

93 

— — crank on dead point, 83 

— — outer side, 55 

— — side shaft side, 57 

— on crank pin, 98 

— — shaft bearings, 54, 55 

— — shaft webs, 87, 88 

— on journals, 87, 89 

— — main bearings, 56, 58 

— — piston guide, 126 
Pressures and temperatures, table of, 68 
Pulley belts, thickness of, 180 

— flywheels, 178 

— — belts on, 180, 181 

— — width of, 180 

Pulleys, driving, and flywheels, diameter of, 179 



EADIAL acceleration in a gas engine, 80 
— component, 85 

— — determination of the, 84 

Badinger, 37 

— on gas engines, 26 
Bamsbottom rings, 132, 188 
Bated horse-power of a gas engine, 22 
Batio e in a gas engine, 19 
Reciprocating and rotating parts, balancing of, 

79 
— parts, weight of, 28 

Bernhardt on piston rings, 135, 136 
Resultant thrust, determination of the, 57, 58 
Retardation in a gas engine, 26, 27 
Bim joints of flywheels, 188 

— of the flywheel, cross section, 185, 186, 189 
Bods, change of pressure in the, 59 



Bods, forces acting on the, 53 

Boiling mill engines, degree of irregularity in, 

172, 178 
Rope driving, 278 

Rules for constructing the connecting rod, 150 
Running gas engines, driving dynamos in parallel 

for, 174 



SECURING the piston rings, 136 
Shaft or body of connecting rod, 157, 158, 
159 
Shoulder on flywheel rims for shrunk hoops, 

192, 198 
Shrunk rings for flywheel rims, 192, 198, 200 

— — tensile stress on, 192, 193 
Side frames, 121 

Single-acting four-cycle engine, 2, 3 

— — — calculation of a, 40 

— — — developed dia- 

gram, 8, 9 

— — — diagram of work, 

35 

— — — forces acting on 

the crankpin of, 60 
Single-acting gas engines, 1 
Small end of connecting rod, solid forged eye, 160 
Speed of gas engines, 206 

— — fluctuations in the, 170 

— steam engines, 208 

Solid forged eye, small end of connecting rod, 160 
Standard types of piston and piston pin, 189, 140 
Steam engines, comparative weight of flywheel 

of, 167 

— — consumption of coal in, 218, 214 

— — cost of coal in, 211, 212 

— — — superheated steam in, 215 

— — depreciation, 209 

— — indicator diagram, 5, 6 

— — exhaust steam in, 216 

— — load on, 99 

— — — compared with gas 

engines, 176 

— — — piston of, 68, 64 

— — main dimensions, 206, 207 

— — speed of, 208 

— — stresses in, 210 

— — subsidiary costs in, 211 

— — working costs, 209 
Stiffening the boss for the piston pin, 137 
Strength of the bearings, 97 

— — crank shaft, 82 

— — frame, 121 

Stresses, combined, on the flywheel, 187 

— in a gas engine, 210 

— — steam engine, 210 

— on the connecting rod, 157, 158, 159 

— — crank shaft, 94 

— — cylinder, 128 

— flywheel naves, 199 

— on flywheel rims, 190 

— on the frame, 120, 121 

— on the piston pin, 138 
Stuffing box and liner joint ring, 114 

X 
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V 



Subsidiary costs in a gas engine, 211 

— — — steam engine, 211 

Suction gas engines, 22 

— — plant, cost of anthracite in a, 215 
Swiderski gas engine, 71 



TANDEM double-acting four-cycle engine, 
developed diagram, 15 

— four-cycle engine, calculation of a, 

44 

— — — developed dia- 

gram, 12 

— - — turning moment, 

diagram, 44 
Tangential pressure or turning moment diagram, 

84, 87, 168 
Temperature, calculation of the mean, 144 

— diagrams for combustion chamber, 

148, 144 
Temperatures in the cylinder, 142, 148, 146 
Tensile strength of the flywheel, 185 

— stress on flywheel arms, 196 

— — — rim, 186, 199 

— — on shrunk rings, 192, 198 
Theoretical pressures, 53 

Thermal units, number of, transmitted to water, 

147 
Thickness of cylinder wall, 128 

— pulley belts, 180 

Thrust on the connecting rod, 55 
Transmission, system of, for electric light and 

power, 174 

— of power in flywheels, 178 
Trunk or body of piston, 181 

— pistons, 124 

Turning moment diagram, 38, 39, 84 

— — — double-acting four- 

cycle engine, 41 

— — — double vis-a-vis four- 

— — — cycle engine, 45, 47 



Turning moment diagram, twin double-acting 

four-cycle engine, 
49,50 

— — — vis-a-vis four-cycle 

engine, 48 

— — maximum, 128 

— — tandem four-cycle engine, 44 
Twin double-acting four-cycle engine, calculation 

of a, 48 

— — — — developed 

diagram, 
14 

— — — — turning mo- 

ment dia- 
gram, 49, 
50 

Twin four-cycle engine, developed diagram, 11 

Types of gas engines, 2, 8, 24 

VARIATIONS in the load, in mills and work- 
shops, 176 
Vis-a-vis four-cycle engine, calulation of a, 42 

— — — developed diagram, 10 

— — — turning moment dia- 

gram, 48 



WATER, consumption of cooling, 147, 148 
— cooling m cylinder, 145 
Weight of flywheel, 55, 99, 174, 177, 216 

— — rim, 165, 198 

— piston, 127 

— reciprocating parts, 28 
Weights of motor car engines, 28 
Width of flywheel rim, 184, 198 

— pulley flywheels, 180 
Work done by the flywheel, 171 
Working cost of gas engines, 209 

— — steam engines, 209 
Working method of gas engines, 1 



THE END. 
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GAS ENGINES. 
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"With its many excellent features, the book will deservedly make friends," — Engineering. 
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engineer and manager. At the same time students will find it a well-arranged and up-to-date work." — 
Engineering Review. 

GAS WORKS. 

Their Construction and Arrangement, and the Manufacture and Distribution of 
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